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Policymakers and industry leaders are claiming that the U.S. has an insufficient
number of STEM graduates. As the rhetoric of a shortage of skilled scholars and
employees in STEM-related fields expands, there is a plethora of publications that refers
to a phenomenon dating back to the 1950s. Nonetheless, this new paradigm presents a
critical challenge to policies and programs that surround STEM education in countries
around the world. While STEM, including the underlying human capital component is a
major factor of economic growth in the United States, it is also in Australia and
Germany. The policy analysis study is presented as a systematic investigation, critically
examining how the contemporary discussion around STEM and skills shortages is
articulated within an analytical framework that tends to differ. The policy analysis has
proven useful to identify how the rhetoric reflects the real situation and how solutions are
sought out relative to the national and international contexts.
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CHAPTER I
INTRODUCTION
Policies that surround Science, Technology, Engineering, and mathematics
(STEM) shortages are emerging around the world with the intent to provide a skilled
workforce to meet demand within the context of a more integrated global economy.
Globalization presents new challenges in that it does not eliminate the adaptability and
flexibility relative to contextual social, economic and political forces that apply in each
nation. While this study aims to focus on the current rhetoric of STEM shortages in the
United States, it also incorporates Australia and Germany as frames of reference, taking
into consideration the role played by their national values in the context of the global
STEM conversation.
The advent of the importance placed on American science has earlier beginnings
than World War II as new relations between science and government had already
emerged in the 1920s. In the 1920s, industrial and government research laboratories
expanded rapidly, followed by increasing investments in research and development in the
1930s-1940s. It was also a critical period in history, when German scientists migrated to
the United States. As the United States developed its hegemonic position as an
industrialized core nation after World War II (Wallerstein, 1974), the U.S. economy was
also becoming more dependent on science education for prosperity and innovation to
drive its economic strength in absorbing and creating new technologies. At the close of
1

World War II, U.S. government had recommended increasing its human resource
capacity in science and engineering to sustain its hegemonic position in promoting
scientific research and fulfilling its obligations to the public (Bush, 1945; President's
Scientific Research Board, 1947a). Germany was rebuilding after the destruction of the
war; its education system remained under the Humboldtian model. Australia addressed
the losses of the war through the Commonwealth Reconstruction Training Scheme.
In the 1950s-1960s, the U.S. federal government undertook comprehensive
measures by boosting educational programs to meet critical national needs in teaching
technological and science literacy skills to move the American economy ahead and assure
its security. The high level of anxiety that had been raised by the Cold War and the
launching of Sputnik I triggered a sense of emergency in the United States. As a result,
science and engineering education and technology deployment were expanded (National
Academy of Sciences, 1995) and federal appropriations had already tripled by 1958
(Atkinson & Blanpied, 2008). The needs of technically trained personnel emerged rapidly
even though the immigration of scientists from Europe had already begun before World
War II in supporting defense research. Australia had responded by resuming large-scale
immigration.
The current rhetoric of STEM shortage in the United States is not a new
phenomenon; it dates back to the 1950s. As science, technology and innovation are more
integrated globally within the context of an emerging global economy, the projected
demand for STEM job vacancies tends to indicate a steady growth to the end of this
decade. However, these projections tend to vary in which professions are represented and
period of time (Carnevale, Smith, & Melton, 2011, Figure 1; NSF, 2014b, Figure 2).
2

Associated with the lack of reliability in projecting future demands (Freeman, 2006b),
this new paradigm presents a critical challenge in guiding policies and programs that
surround STEM education in the United States, Australia and Germany.

Figure 1. Employment growth dropped during the recession but will come back by 2018.
Adapted from “STEM,” by A. P. Carnevale, N. Smith, and M. Melton, 2011, Georgetown
University: Center on Education and the Workforce, p. 19.
Although politicians, corporate leaders and lobbyists have expressed numerous
concerns about shortages in STEM fields in the United States, those issues are also
raising vibrant discussions in Australia and Germany. Nevertheless, researchers in the
United States maintain that no clear evidence can substantially support the claims brought
forward and that more scientists and engineers graduate from U.S. universities than
positions can guarantee their employment (Atwater & Jones, 2004; Teitelbaum, 2008,
2014a, 2014b). At the same time, observations are that employers cannot fill positions
with high-skilled workers to meet demand in rapidly advancing careers in STEM fields.
Anft (2013) thinks that Americans are not told the truth about the real problem. In
3

Germany, shortages of skilled workers in Mathematics, Information technology, Natural
Science and Technology (MINT) fields are also a concern. Aside from those key STEM
destinations, STEM shortages do exist in Australia as well.

Figure 2. Bureau of Labor Statistics' projected increases in employment for S&E and
selected other occupations: 2010-2020. Adapted from “What does the S&E job market
look like for U.S. graduates?” by National Science Foundation. STEM Education Data,
2014.
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Note. S&E = science and engineering. Physical scientists = chemists, physicists,
astronomers, and earth/ocean/atmospheric scientists.
This policy study examines the current rhetoric of STEM workforce shortages in
the United States, with consideration to STEM education policies and programs within
the context of higher education. The analysis draws on the literature with a focus on the
United States to determine what evidence, if any, suggests that there is too little STEM
workforce in the United States. Through the examination of two other countries, namely
Australia and Germany, which are also affected by shortages in STEM (or MINT) fields,
the analysis adds substantive evidence to frame the policy discourse on STEM shortage
in the United States beyond its national boundaries in that it is not an isolated
phenomenon. The analysis takes into consideration how the importance of science,
engineering and innovation translate within the global connection that exists among those
three nations. Lastly, the analysis includes additional evidence from researchers and
experts to develop ideas and recommendations for a deeper understanding of the debate
on STEM workforce in the United States.
Statement of the Problem
Within the context of current political and economic forces, STEM is a commonly
addressed subject worldwide. In the United States, opinions about STEM education
programs in generating a capacity in human capital differ. While the rhetoric of a STEM
shortage frames the need for more graduates, researchers and pundits think otherwise.
The current discourse is not a new phenomenon, but its context is now embracing new
global dimensions. The continuing importance placed on committing resources to STEM
education at both the P12 and higher education level despite the disagreement in the
5

global discourse, has created the issue of whether such delegation of finite resources is
defensible.
Purpose of the Study
The purpose of the study was to examine the current rhetoric of a shortage in
STEM scholars and employees in the United States with an understanding of historical
developments presented as an overview; to define and place STEM education in its
appropriate context; to elaborate on the current beliefs that drive STEM education
policies and programs in higher education; to take into consideration international
perspectives from Australia and Germany and the global connection that exists between
the three countries; to draw implications about STEM education and shortages and policy
recommendations that arise as the educational system of each country is only one part of
the larger global market competitive landscape.
Research Questions
1. What is the history of STEM education, beginning with an examination of
American science since the early 1920s and including a historical outline on the
perspective of science in Australia and Germany?
2. What is meant by STEM education and does a definition of STEM exist?
a. How does its interpretation differ based on national context?
3. What are the major tenets of the rhetoric of a shortage in STEM scholars and
employees in the United States?
4. How does the rhetoric of a STEM workforce shortage play out in the United
States from the perspective of the U.S. economy and its dependence on STEM
workers to keep its vibrancy and the bipartisan theme in public policy
6

discussions?
a. How much leverage does this claim have with research suggesting there
is little shortage in STEM occupations in the United States?
5. What are the main characteristics that surround the debate of the shortage of
skilled workers in Australia and Germany?
6. What critical implications and recommendations can be drawn out from the
current discourse on STEM shortage in the United States with consideration to
Australia and Germany?
Abbreviations
ABS: Australian Bureau of Statistical (U.S.)
ACAlliance: American Competitiveness Alliance
ACS: American Community Survey
ACOLA: Australian Council of Learned Academies
ACWIA: American Competitiveness and Workforce Improvement Act
AEC: Atomic Energy Commission (U.S.)
AiGroup: Australian Industry Group
AIR: American Institutes for Research
ARC: Australian Research Council
ASTA: Australian Science Teachers Association
AWPA: Australian Workforce and Productivity Agency
BA: Bundesagentur für Arbeit (German Federal Employment Agency)
BHEF: Business Higher Education Forum
BIBB: Federal Institute for Vocational Education and Training (GE)
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BLS: Bureau of Labor Statistics (U.S.)
BMWi: Federal Ministry of Economics and Technology (GE)
CEDEFOP: European Center for the Development of Vocational Training
CPI: Consumer Price Index
CRTS: Commonwealth Reconstruction Training Scheme (AU)
CSIR: Commonwealth Scientific and Industrial Research (AU)
CSIRO: Commonwealth Scientific and Industrial Research Organisation (AU)
CTEC: Commonwealth Tertiary Education Commission (AU)
DGB: German Trade Union Confederation
DHS: Department of Homeland Security (U.S.)
DIW: Deutsches.Institut für Wirtschaftsforschung e.V. (Institute for Economic Research)
DOD: Department of Defense (U.S.)
DOE: Department of Education (U.S.)
DOL: Department of Labor (U.S.)
FDZ: Research Data Centre (GE)
GAO: Government Accountability Office (U.S.)
GDP: Gross Domestic Product
GDR: German Democratic Republic
GI Bill: Servicemen’s Readjustment Act of 1944 (U.S)
HECS: Higher Education Contribution Scheme (AU)
IAB: InstitutfürArbeitsmarkt- und Berufsforschung (Institute for Employment Research)
ICE: Immigration and Customs Enforcement (U.S.)
ICT: Information and Communications Technology
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IES: Institute of Education Sciences (U.S.)
IRB: Institutional Review Board
ITAA: Information Technology Association of America
ITIF: Information Technology and Innovation Foundation (U.S.)
IW: Institut der deutschen Wirtschaft Köln (Cologne Institute for Economic Research)
JEC: Joint Economic Committee (U.S.)
MINT: Mathematics, Information technology, Natural Science and Technology
NAA: National Archives of Australia
NAS: National Academy of Sciences (U.S.)
NCEE: National Council on Economic Education (U.S.)
NRC: National Research Council (U.S.)
NDEA: National Defense Education Act (U.S.)
NSF: National Science Foundation (U.S.)
NSTC: National Science and Technology Council (U.S.)
OECD: Organization for Economic Co-operation and Development
OMB: Office of Management and Budget (U.S.)
PMSEIC: Prime Minister's Science, Engineering and Innovation Council (AU)
SESTAT: Scientists and Engineers Statistical Data System (U.S.)
SOC: Standard Occupational Classification (U.S.)
SOL: Skills Occupation List (AU)
STEM: Science, Technology, Engineering, and Mathematics
VDI: Verein Deutscher Ingenieure (Association of German Engineers)
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Definitions of Terms
Aggregate demand: The demand for the Gross Domestic Product (GDP) of a country
(Investopedia)
Commonwealth Reconstruction Training Scheme: The CRTS was introduced in March
1944. Individuals who served in Australia's armed services during World War II could
get educational and vocational training. Individuals who chose full-time training received
free tuition and fees as well as living allowances. One of three categories – professional,
vocational or rural training were offered (NAA, 2015).
Demand: For economists, demand refers to the amount of a good or service that people
are both willing and able to buy (The Economist). Demand can also describe a
consumer's desire and willingness to pay a price for a specific good or service
(Investopedia)
GI Bill: Officially known as the Servicemen’s Readjustment Act of 1944, the GI Bill
provided vocational rehabilitation and stipends for tuition and living expenses to veterans
of World War II to attend college or trade schools.
Humboldtian model: A model created by Wilhelm von Humboldt (1767-1835) in the
early nineteenth century. The model was founded on two comprehensive philosophies,
the commitment of universities to scholarly learning (or Wissenschaft) and the
development of the individual intellectually (or Bildung).. In the United States, for
example, the Humboldtian ideal shaped the research universities.
MINT: Mathematics, Information Technology, Natural Science and Technology
Shortage: Shortage is a broad term, which measurement is affected by several factors
related to macroeconomic indicators, demographics, infrastructure, competitiveness,
10

politics, institutions, innate abilities, personal characteristics (Cohen & Zaidi, 2002).
Arrow and Capron (1959) define shortage based on the concept of a dynamic shortage in
which demand for skills grows faster than supply, creating “a situation in which there are
unfilled vacancies in positions where salaries are the same as those currently being paid
in others of the same type and quality” ( p. 301). “In general, a shortage in an occupation
is the aggregation of hard-to-fill vacancies across firms” (Shah & Burke, 2003, p. 7). In
practical terms, shortages are interpreted in terms of difficulties in filling vacancies
despite all reasonable efforts, not only in terms of the number of workers, but also in
terms of the quality and type of skills and attributes possessed by workers to undertake a
certain job (Cappelli, 2015; Shah & Burke, 2003).
STEM: The grouping of the four de facto core disciplines, known as Science,
Engineering, Technology, and Mathematics is heterogeneous in its nature and its
representation by most jurisdictions, internationally (Freeman, Marginson & Tytler,
2015).
Supply: The amount of a good or service available at any particular price (The
Economist). Supply can also be described as the total amount of a specific good or
service available to consumers (Investopedia).
Science: It represents a theoretical or intellectual understanding acquired by study, which
can expand to a particular area of knowledge in any branch of learning or trained skill. In
essence, one can develop expertise in one or more branches in the learning of science
such as natural or physical science (Oxford Dictionary)
Technology: It is the branch of knowledge dealing with the mechanical arts and applied
sciences. It can also be the technological knowledge that derive from the practical side of
11

scientific and technical knowledge (Oxford Dictionary)
Engineering: It is the branch of science and technology that focuses on the development
and modification of processes that use specialized skills (Oxford Dictionary)
Mathematics: It is referred to the disciplines of the quadrivium originally, in a collective
fashion before evolving to represent the science of space, methods and the like (Oxford
Dictionary)
Limitations of the Study
This study has intended to focus primarily upon issues related to shortage in
STEM scholars and employees in the United States. The document analysis focuses on
major historical facts from the early 1920s. An examination of STEM education follows,
beginning with the pivotal governmental reports written after World War II to the current
beliefs that relate to STEM education policies and programs in higher education. Within
the process of gathering documents, the researcher was confronted to make the decision
in deciding which documents was the most important and relevant to best conduct the
policy analysis. It has been almost impossible to list all possible materials as access to
resources may be limited somehow and “because public policies and debates over them
continually change, making earlier accounts less useful” (Kraft & Furling, 2004, p. 5).
Also, limitations that apply with bias and ideology are worth mentioning. Yin (1994)
speaks about ‘biased selectivity’ in document analysis, which may translate into an
incomplete selection of documents, thus in alignment with a particular agenda.
Documents such as “brochures, [blogs, editorials and the like] that promote educational
programs … usually do not provide balanced information about effectiveness or
credibility” (Owen, 2014, p. 11). Those types of documents may provide insufficient
12

details as they are written for some purpose independent of a research agenda (Bowen,
2009). However, documents can also be written with a research agenda and must be
approached for what they were intended to accomplish.
Within the framework of this policy analysis, data and statistical analyses
collected attempted to provide the most recent information on political, social and
economic positions that shape the current rhetoric of a STEM shortage in the United
States within the context of higher education. Economic information focused on the issue
of supply and demand and the relationship of those economic principles with claims
brought forth by proponents of shortages. Similar to the document analysis method, the
researcher was faced with the decision to identify the most important and relevant data
sources for the study. Limitations in data interpreted on a broad definition of STEM and
inconsistencies in dates, degree data and other pertinent information referenced in
statistical survey data were taken into consideration.
Interpretive interviewing has presented limitations in that “an interview [is] a ‘coelaborated’ act on the part of both parties …. [that] it [may] be difficult to separate out
‘external’ information from what [either party has] contributed” (Miles & Huberman,
1994, p. 8). Miles and Huberman (1994) argue that researchers have their own
understanding and convictions, which cannot exclude that they are not affected by what
they observe, hear or read in their field of study.
This study takes into consideration two other OECD countries, Australia and
Germany, where similar limitations of fit data for analysis and documentation may occur.
For Australia, access to some dated documents has been a limitation. For Germany, and
because some of the publications were in German, a minimum of resources written in
13

German was first assessed and translated if proved relevant to inform research after
taking into consideration differences in opinions about skills shortage
(Fachkräftemangel) or labor shortage (Arbeitskräftemangel). The translation of these
selected texts served the purpose of having Germany as a foil in the study. One other
limitation to the study was the absence of interviews to report about Germany and
Australia for any additional information about how shortages in STEM (or MINT) fields
are negotiated across each of the two countries’ economy. Incorporating both Australia
and Germany was intentional nonetheless, as both nations were used as a foil in the
study. Essentially, the researcher has highlighted policies and programs that surround
STEM, science and technology, education, and innovation in both countries and how
these issues are handled differently from country to country.
While this topic is of high interest to policymakers, industry and university
leaders, some information may have lost some degree of relevance by the time this study
was completed. Nonetheless, one immediate limitation of this study has been the lack of
consistent and cogent evidence, with which researchers and pundits in STEM fields are
concerned.
Significance of the Study
The study is a stepping stone, adding to the knowledge base by getting closer to
answering whether it is the lack of evidence that has been feeding the current belief of
widespread labor market shortages in science and engineering occupations or whether the
shortage is, in fact, ongoing. Through conducting interviews of researchers and experts,
their opinions contributed greatly in the following ways: (1) to develop a more thorough
policy analysis with regards to how U.S. research universities constitute the core of U.S.
14

science and technology system; and (2) how science and engineering workforce and
related labor markets represent an integral part of the education system in the United
States, in supporting scientific and technological innovation in face of global
competitiveness.
Organization of the Dissertation
The dissertation is organized in six chapters. In this introductory Chapter One, a
brief introduction to the study was presented, including a description of the problem
statement, purpose and research questions of the study. Additionally, limitations to the
study were identified as well as the values that the study presents.
In Chapter Two, I describe how the public policy analysis was performed and
presented as “a systematic investigation of alternative policy options and the assembly
and integration of the evidence for and against each option” (Ukeles, 1977, p. 223),
focusing on the interpretive synthesis of qualitative research, which in turn was based on
a blended methodology, including document analysis and interviews, and policy analysis.
The premise of the policy analysis was to question the current claim that there are too few
STEM graduates in the United States. Interviews of experts and researchers in STEMrelated fields have helped ground the policy analysis and gain a deeper understanding of
the primary causes of the public policy discourse in the United States. Additionally, I
present an examination of the current situation in Australia and Germany, after first
explaining why those two countries were selected, with the main purpose being to place
the study within the perspective of the global setting, yet recognizing that “STEM
policies must be consonant with the national and local contexts” (Marginson, Tytler,
Freeman, and Roberts, 2013).
15

In Chapter Three, I describe a chronological history of STEM –an overview–
to progressively turn to STEM education policy as the use of the acronym STEM began
in the 1990s in the United States. Despite the emphasis placed on the United States, the
chapter is also including a historical perspective of STEM in Australia and Germany,
serving as a frame of reference. This was necessary to set the stage for later comparisons
of STEM in the global context.
In Chapter Four, I attempt to explain why STEM is critical for the United States
and how the need to understand what is meant by STEM in the educational context is
fundamental. The second part provides an understanding of the major tenets of the policy
discourse on STEM shortage in the United States and how the current claims are framing
the needs for more graduates in STEM educational programs. The third part examines
how the issue of STEM education programs and policies surrounding it relates to higher
education administration.
In Chapter Five, I examine the current situation in Australia and Germany in their
response to the shortage of skilled workers in STEM or MINT-related fields. The
understanding of those acronyms needed to be understood in their national context, but
also taking into account that education for the science, technology and innovation
workforce in the future must not ignore the increasing dimension of the international
experience and interconnectedness of markets around the world. The examination helped
frame the policy analysis more broadly, emphasizing the fact that STEM shortages in the
United States are not an isolated problem.
In Chapter Six, I synthesize the best evidence on the status of the current claim
that there are too few STEM graduates in the United States, taking into account the global
16

connections that may exist with Australia and Germany. In this concluding Chapter Six,
most interview materials gathered from researchers and experts are included in order to
support the framing of the dialog surrounding STEM education as described in the
methodology chapter, Chapter Two. The policy analysis continues with implications for
practice and research; implications might arise through the historiography of educational
programs and policies, and document analysis of the respective countries. I continue with
recommendations on how further actions about STEM education in the United States
could be taken at the federal and state levels within the global setting, acknowledging that
this phenomenon is not isolated. Lastly, I identify areas of future research study before
concluding.

17

CHAPTER II
METHODOLOGY
This public policy analysis was performed based on the four elements by Crotty
(1998). In applying the research approach proposed by Crotty (1998), these four elements
inform each other. They are as follows:
a) What methods are used?
b) What methodology is employed?
c) What theoretical perspective supports the methodology?
d) What epistemology informs the theoretical perspective?
First, in answering what methods to use, Crotty (1998) defines those methods as
“the techniques or procedures used to gather and analyze data related to some research
questions or hypothesis” (p. 3). For my study, I used two primary research methods of
analysis, document analysis and interviews.
Second, the methodology employed is a policy analysis, which can be described
as “the strategy, plan of action, process or design” (Crotty, 1998, p. 3). “Policy analysis is
an applied social science discipline which uses multiple methods of inquiry and argument
to produce and transform policy-relevant information that may be used in political
settings to resolve policy problems” (Dunn, 1981, p. 35). The policy analysis1 is meant to
gather more information and relevant data from experts and researchers to build an
understanding of the policy issue as accurate as possible in order to establish a learned
1

The policy issue addressed in this study focuses on higher education, with STEM
graduates with at least a bachelor’s degree or higher not P12
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decision as indicated in the policy and draw conclusions regarding the advocacy of the
policy. Kraft and Furling (2004) describe policy analysis as “an attempt to dissect
problems and solutions in what is usually described as a rational manner” (p. 25). One of
the primary functions of policy analysis is also “to satisfy the need for pertinent
information and thoughtful, impartial assessments in the policy process” (Kraft &
Furling, 2004, p. 103).
Third, interpretivism is the theoretical perspective that has supported my
study in that it helped explore “culturally derived and historically situated interpretations
of the social life-world” (Crotty, 1998, p. 67). By theoretical perspective, it is meant to be
the philosophical stance informing the methodology and thus providing a context for the
process and grounding its logic and criteria” (Crotty, 1998, p. 3). Interpretivism is “a line
of inquiry” (Miles & Huberman, 1994, p. 8), it is “often linked to the thought of Max
Weber (1864-1920), who suggests that in the human [and social] sciences we are
concerned with Verstehen (understanding) …. [compared to] the explicative approach
(Erklären, explaining), focused on causality, that is found in the natural sciences” (Crotty,
1998, p. 67). Along those lines, “the evidentiary material that the researcher analyzes is
constructed by participants in the event or setting being studied” (Yanow, 2007, p. 409).
Fourth, the epistemology that informs the theoretical perspective is social
constructivism (Crotty, 1998). The intent was “to look for the complexity of views rather
than narrowing meanings into a few categories or ideas” (Creswell, 2009, p. 8). In this
study, the researcher is placing the discourse surrounding STEM in the constructivist
framework to perform the policy analysis.
With this in mind, the study also comprises an examination of the current
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situation in Australia and Germany for the reason that education for the science,
technology and innovation workforce in the future must not ignore the increasing
dimension of the international experience and interconnectedness of markets around the
world. Most importantly, the credibility of the policy analyst would be affected should
the analysis had looked at only one side of the issue as this issue is not known only to be
true in the United States. Through use of data on the current situation of those two OECD
countries, which are also facing a skilled workforce shortage in STEM (or MINT), the
examination of those data has helped frame the policy analysis from a broader
perspective. The examination has provided close knowledge, necessary to more
effectively develop a more comprehensive mapping of the differences and similarities
between the three nations to understand governmental strategies and programs in those
areas of study, objectively and contextually relative to the social, cultural, economic and
political landscape.
Both countries display different strengths in their approach to higher education
and their economic position in the world. While Australia sees its global presence
essential to the knowledge economy, its close proximity to the South Asian market offers
great opportunities. Germany is a leading economy in Western Europe. As research and
innovation are highly priced, the German education system has had a great impact on the
American university research system as it had on the Australian system as well.
Nonetheless, the shortage of STEM skilled talent in both countries is critical.
Document Analysis
The document analysis was “a systematic procedure for reviewing or evaluating
documents [in] both printed and electronic [form]” (Bowen, 2009, p. 27). The document
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analysis is based on the research of primary information and collection of data, including
bibliographies from readings. This method of research is used to address research
questions one through five.
Question 1 sets the stage, for later comparisons of STEM in the global context,
about the current beliefs of a shortage in STEM scholars and employees in perspective to
historical developments since the early years of the twentieth century. Question 2 is
fundamental in that it attempts to define what STEM is whether it is possible to draw
reasonable boundaries in defining it in order to best set the public policy. It is followed
by question 2a to understand STEM education in its appropriate context, which is
important to make a global connection with Australia and Germany. Question 3 identifies
what the major principles of the rhetoric of a shortage in STEM scholars and employees
are. This examination of the rhetoric is essential in that it helps understand how the
STEM shortage discourse is framed, prior to placing the discourse in the context of the
public policy, which is addressed in question 4. Question 4 answers how the rhetoric of a
STEM workforce shortage fit within the policy context by elaborating on the current
beliefs that drive STEM education policies and programs and understanding how
bipartisan discussions are articulated in light of a high dependency on STEM workers.
With this in mind, question 4a weighs the significance of what research findings show
against the current claim and how the policy context of the current discourse stands out.
Question 5 takes the global connection even further by taking into consideration how the
shortage of skilled workers in Australia and Germany plays out.
The identification of relevant facts and statistical information guides a thorough
examination of what the existing beliefs are and who the major players in STEM
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education policy are about the significant features of the problem presented in this study.
The objective was to identify relevant historical background information since the 1920s
to guide the investigation of the political, economic, social, and philosophical landscape
in science and engineering, the mobilization of American science during World War II
and how the relationship with the Federal government contributed to the great advances
of science in post-war years. By means of the document analysis method, questions
surrounding this study were answered by examining primary documents as valid and
reliable sources of information. The researcher has ensured that the resource originates
from authoritative and primary sources, taking into consideration the limitations that
apply with bias and ideology. This study is grounded on the impartial assessment of
evidence in order to perform an analytical and objective assessment of the issues.
In this study, the document analysis has drawn from a variety of resources.
Initially, the examination of major events from the early 1920s to World War II sets the
stage to understand how the relationship between industry and government contributed to
growth of baccalaureates and professional degrees in science despite the fact that data on
the production of scientists and engineers before World War II are not available
(Atkinson, 1990). The historiography is not an exhaustive discussion. As World War II
ended, important reports2 such as Science—the Endless Frontier by Vannevar Bush in
1945 and the Science and Public Policy by John Steelman in 1947 that connected
research and development activities and the availability of trained personnel with today’s
rhetoric on STEM shortage was examined. The document analysis has helped generate
2

These two reports are historical markers to the beginning of modern science policy
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the interview questions listed in the protocol submitted to the Institutional Review Board
(IRB).
Before listing the type of documents that have been examined for this study, there
are seminal documents, such as reports, books and articles that are worth mentioning.
These works have been influential elements in this study. They have helped place the
discourse on STEM shortages in the United States, including how the current narrative
transpires in Australia and Germany, in the constructivist framework to perform the
policy analysis. The document analysis is grounded on the following seminal resources
(Appendix B):
For the United States,
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

Tapping America’s Potential, July 2005
Rising Above the Gathering Storm, October 2005
Anthony Carnevale, Nicole Smith, and Michelle Melton (2011)
Hal Salzman
Michael S. Teitelbaum
Norman Matloff
Paula Stephan (2012)
Richard B. Freeman
Ron Hira
Yu Xie and Alexandra A. Killewald (2012)

For Australia,
a) Australia Industry Group (2012 )
b) Simon Marginson
For Germany,
a) European Commission (2014). e-SKILLS in Europe
b) Karl Brenke
Aside from these seminal resources, printed or electronic resources include
journal treatises; peer-reviewed articles; National Bureau of Economic Research reports;
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publications from the U.S. Congress; U.S. Government Printing Office; U.S. Senate;
National Science Board open-books; National Science Foundation; National Academies
Press; proceedings and reports from professional and research organizations; associations
and societies; think tanks; including RAND Corporation; The Brookings Institution;
Economic Policy Institute; and other related sources where reports indicate differences in
opinions; public policy reports; Public Radio commentaries; new media articles to
construct perspectives in opinions being shared. Statistical data were obtained or
retrieved in part, from the American Community Survey – Census; National Science
Board; National Science Foundation’s Scientists and Engineers Statistical Data System
(SESTAT); U.S. Department of Labor, Employment and training administration.
The document analysis continues with an examination of what is meant by
STEM. It also includes information about two other OECD countries, Australia and
Germany. The identification of major sources has helped frame the policy discourse on
STEM shortage in the United States within the context of a global marketplace, setting
the stage beyond its national boundaries in that it is not an isolated phenomenon.
Information is primarily from authoritative and empirical sources for both countries
within the constraint of their availability.
For Australia, printed or electronic resources include journal treatises; journal
articles; reports from the Australian Bureau of Statistics; Australian Council of Learned
Academies; Australian Academy of Science; Australian Industry Group; Australian
Research Council; Australian Workforce and Productivity Agency; Department of
Education and training; Office of the Chief Scientist; Tertiary education and training in
Australia (2010)
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For Germany, printed or electronic resources include journal treatises; journal
articles; reports from the Deutsche Bank Research; Federal Institute for Vocational
Education and Training (BIBB); Federal Ministry of Economics and Technology
(BMWi); Institute for Employment Research; DIW Berlin; German Institute for
Economic Research, which is one of the leading economic research institutions; Institute
for Employment Research (InstitutfürArbeitsmarkt- und Berufsforschung or IAB);
Research Data Centre (FDZ) of the German Federal Employment Agency
(Bundesagentur für Arbeit BA) at the Institute for Employment Research (IAB) is
intended mainly to facilitate access to BA and IAB micro-data for non-commercial
empirical research.
More broadly, other data were examined such as the main science and technology
indicators of the OECD and Eurostat data (Statistical data).
Interviews
The decision to use interviews as part of a blended methodology was to help
ground the document analysis and gain a deeper understanding of the primary causes of
the public policy discourse, demonstrating whether there is too little STEM workforce in
the United States. New data related to interviews have been included for the most part in
Chapter Six as supplemental evidence to the study. Based on the principles of purposive
sampling strategies (Patton, 1990), fourteen participants were purposely selected on the
basis that they are experts and leading scholars in the field of study examined in this
policy study. Two other experts in the field of study with an emphasis on economics
accepted to participate in the interview after being introduced to me. Anthony P.
Carnevale was kind to put me in contact with Nicole Smith, who kindly accepted to
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participate in my interview in place of Mr. Carnevale. Stephen Ezell introduced me to
Adams Nager, who also accepted to participate jointly in the interview. Most individuals
have held senior-level positions within higher education, prominent think tanks and the
U.S. federal government. Although most of the individuals listed in the IRB were cited in
the proposal to some degree, the decision to interview these individuals was to gain a
deeper understanding of the primary causes of the public policy discourse in the United
States besides conducting a systematic investigation solely from documents, which may
have produced insufficient details. The researcher sought to elevate the credibility of the
study by getting closer to experts’ opinions on the subject, which in itself has been
enriched by these individuals’ insights, representing both sides of the aisle. Out of the
fourteen individuals, four agreed to participate in the interview upon my request
(Jonathan Rothwell, Hal Salzman, Ron Hira, Stephen Ezell) and two others participated
in the interview after being placed in contact with me by colleagues within their
organization (Adams Nager and Nicole Smith).
In this section, I introduce the six individuals I spoke to, as follows:
Adams Nager is an economic policy analyst at the Information Technology and
Innovation Foundation (ITIF). His research focus includes, in part, the importance of
STEM education and the immigration of high-skilled workers.
Hal Salzman is Professor of Planning and Public Policy at Rutgers University,
Senior Faculty Fellow, John J. Heldrich Center for Workforce Development. He
presented at a hearing before the United States Senate Judiciary Committee on
immigration reforms on March 17, 2015 and 2016.
Jonathan Rothwell is a fellow, Metropolitan Policy Program at Brookings. His
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Brookings publications have included reports on hard-to-fill job vacancies, the value of
STEM knowledge, and skill mismatch.
Nicole Smith is Research Professor and Chief Economist at the Georgetown
University Center on Education and the Workforce. I had first reached out to Anthony P.
Carnevale, who is the Director of the Georgetown University Center on Education and
the Workforce. He asked if Nicole Smith could participate in my interview instead. As an
economist, Nicole Smith provided insightful information to the study, bringing valuable
perspectives on STEM shortages with a different lens.
Ron Hira is Associate Professor in Public Policy. He recently joined the Howard
University Political Science Department. He presented at a hearing before the United
States Senate Judiciary Committee on immigration reforms on March 17, 2015 and 2016.
Stephen Ezell is Vice President of Global Innovation Policy at the Information
Technology and Innovation Foundation (ITIF). His focus is on science and technology
policy, international competitiveness and manufacturing, in part.
The protocol for this study was submitted to the IRB at Illinois State University
and was approved (Appendix A). Since all the interviews took place via telephone, the
informed consent was acknowledged by each participant verbally. For the verbal
informed consent, the researcher had obtained the permission to use a waiver of
documentation of informed consent per federal guidelines 45 CFR 46.117. The informed
consent included a synopsis of the research and described benefits and risks of the study
(Rubin & Rubin, 2005).
The interview protocol included thirteen questions, including subsets. It was
developed based on prevalent themes in the literature to further explore the information
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discussed in the literature as supportive argument to the project outcomes. All elements
of the interviews were audio-recorded. They have been transcribed and shared with each
individual respectively to avoid any misinterpretation of the participant’s opinion and any
subjectivity on the researcher’s part, and to ensure that participants are accurately quoted.
Finally, transcripts have been analyzed and reported in my study accordingly.
Policy Analysis
The premise of the policy analysis was to question the current claim that there are
too few STEM graduates in the United States. This methodology addressed research
questions 4, 4a and 6, Question 4 and 4a were first documented from performing primary
research methods of analysis, articulated within the document analysis. As a result,
question 6 explore what policy recommendations can be made for the United States,
taking into account the importance of national needs and wants within a global context
relative to Australia and Germany.
The policy analysis is an important element in this study as it intends to analyze
the current claim, specifically and STEM education programs that derive from it in
generating a capacity in human capital. This policy issue is at utmost importance to
education administrators in light of the large amount of funding that is directed to STEM
programs. This issue draws on insights and intuitions in providing policy
recommendations regarding the rhetoric of a shortage in STEM workforce in the United
States with consideration to Australia and Germany, acknowledging that this
phenomenon is not isolated.
The policy research process has drawn from the benefit of engaging with
documents and people just as Bardach (2012) recommends. Further, the researcher has
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executed a modified plan of action based on the Eightfold Path suggested by Bardach
(2012) as follows:







Define the problem,
Assemble the evidence,
Construct the alternatives and synthesize data,
Select the criteria (evaluating potential outcomes),
Present cost – benefit scenario,
Provide policy recommendations.

First, in defining the problem in this policy analysis, it is important to determine
how STEM education in the United States warrants the attention of the public as it
contributes largely for the American society to thrive in the knowledge economy and
produces the assets for the industry, supporting societal needs at large (Perry, 2006). The
examination of how science has evolved since the early 1920s, including the significant
recognition of scientists as ‘agents of change’ in higher education (Guralnick, 1979) and
the reports by Vannevar Bush and John Steelman, could help frame the higher education
landscape in science and engineering over prominent historical events and understand
public perceptions toward science.
Second, in analyzing the policy discourse of a shortage of STEM workforce, it is
important to investigate how STEM is defined and if a definition of STEM exists and the
type of disciplines the definition includes with consideration to selected criteria for
defining STEM (or MINT) in a particular way. One could examine how the importance
of defining STEM (or MINT) is critical to the public perception for data to be interpreted
on an even playing field.
Third, the core of the problem pertains to the continuous rhetoric of a STEM
workforce shortage presented as a bipartisan theme in public policy discussions. In the
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2013 ACOLA report for the Prime Minister's Science, Engineering and Innovation
Council (PMSEIC), it was reported that Australia does not itself have a compulsory focus
on disciplinary content. In asking what causes the current problem, one can examine what
political, economic and social forces are at play, while science, technology and
innovation have conflated into a market for techno-scientific ideas (Tyfield, 2012),
transforming the idea of STEM education and its outcome in the marketplace. Also, the
policy analysis would be to investigate the viewpoint of researchers and proponents of
STEM shortage in light of a lack of consistent and cogent evidence. It forces us to ask
whether it is a question of supply and demand and if the level of granularity in reports
and statistics justifies their views? How do current beliefs frame the need to increase
enrollment in higher education and what factors could be attributed to diversion? Are
there significant trends that may predict that more data and analyses are needed for
researchers to make their point against beliefs shared by industry leaders, lobbyists,
foundations and universities? More importantly, issues of STEM skill shortages exist in
Australia and Germany also. For Germany, manufacturing is a strong sector, however
many of its graduates work outside the profession. In defining the problem, this policy
analysis aims to frame the current issue with respect to the national context of those two
countries, acknowledging that the researcher is not looking at the U.S. in isolation.
The policy analysis process continued with assembling the evidence, collecting
data as facts and statistical information for further examination. Per the IRB protocol,
data from interviewing the researchers and experts have supplemented the evidence
gathered to be used as supportive argument to project outcomes. The next step consists of
constructing alternatives and synthesizing data to assess how STEM fields are
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represented distinctively in the whole scheme of the STEM workforce. Such alternatives
might be about possible policy that helps articulate supply and demand, including greater
coordination of STEM workforce capacity between higher education and industry and
greater control of H-1B visa immigration that does undermine the livelihood of many
American workers in STEM fields, by reassessing skill mismatch with demand and the
type and level of STEM degrees being negotiated. In assessing potential outcomes, the
analysis reflects on two evaluative criteria in light of maximizing public interest and
value judgments (Bardach, 2012) such as the cost of educating graduates in STEM fields
in the United States and the human capital and adequacy of skills that STEM education
procures with benefits and opportunities incurred despite the competitive pressures of a
global market. A cost-benefit scenario is presented with respect to political, economic
and social boundaries. After thoroughly examining how pertinent the current rhetoric
surrounding the STEM workforce is to the real situation, supported by metrics,
recommendations are made, stating how further actions about STEM education in the
United States could be taken at the federal and state levels within the global setting.
Lastly, the drawback of this policy analysis articulated around a blended
methodology may be in its specificity, compared to methods used in quantitative or
qualitative research in that the review of documents is not infinite, leading to new
evidence and interpretations, and raising new sets of questions. Patton, Sawicki, and
Clark (2016) state that, "there is no single, agreed-upon way" (p. 40) to conduct a policy
analysis. The researcher has systematically reviewed supporting data to analyze the
current discourse.
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CHAPTER III
CHRONOLOGICAL HISTORY OF STEM
Overview
This section presents a history of science in three countries, geographically
dispersed yet connected by a vision. It documents how the United States and Australia
have attained their own entities at a different time and place in history from the initial
imprint of the British colonists. While a substantial number of German scientists
migrated to Australia in the nineteenth century, the United States benefited from them in
the twentieth century. Despite these external influences, those two settler nations built
and adapted their educational system differently to meet their needs and wants as they
were both benefiting from the European expansion. All three countries were affected by
the Second World War and the concerns that arose in the 1950s with the shortage of
scientists due to war casualties. From the more complex and diverse American higher
education system and research, the more uniform Australian system burgeoned in the
second half of the twentieth century, while Germany lost many scientists after World War
II into the 1980s, to fundamentally invest in its university system at the turn of the
twenty-first century.
The United States
Science in the early years of the twentieth century. As the balance of scientific
power was shifting from Europe to the United States, so was the American science
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marked by “the advent of science-based university and the professionalization of the
scientific community” (Owen, 1997, p. 832). It was not until the twentieth century that
science emerged as a profession in the United States (Xie & Killewald, 2012). The early
twentieth century witnessed a rise of multidisciplinary universities and the success of
scientists lay in their academic ‘eclecticism’ (Guralnick, 1979). By 1910, thousands of
scientists were employed in higher education, now that scientific research had finally
gained recognition as an academic end in a number of institutions (Guralnick, 1979).
Gradually, science education grew to maturity, evolving from an avid development of
science curriculum and lending itself to more opportunities for academic scientists to
exercise more than their entrepreneurial roles. Already, in those early years demand from
commerce, agriculture and literacy of the population was greater than the number of
academic scientists qualified to work (Guralnick, 1979).
While Dewey had been defending science as a legitimate intellectual study in how
it can provide the intellectual capacity for individuals, science education was becoming
more important in its contribution to society helping people to understand their roles
within it (DeBoer, 2000). In the early years of the twentieth century, the wealth and
philanthropy from Carnegie and Rockefeller influenced science greatly and the resultant
scientific advances benefited the enterprises of these wealthy industrialists. The
Rockefeller Foundation, founded in 1913 had the biggest influence on science,
establishing “a form of conspicuous consumption” as described by the historian Michael
Dennis (Agar, 2012, p. 164). In the early 1920s, the Rockefeller Foundation was very
much involved in building the research capacity of the American university. Agar (2012)
recalls the time when the National Research Council was created during World War I in
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order to not have government interfere with science, reflecting Americans’ suspicion of
central government, portrayed by American scientist, George Ellery Hale.
American scientists as ‘agents of change’, 1930s. By the twentieth century,
several state universities had established their credentials as leading research institutions,
including the universities of California, Michigan, Wisconsin, Minnesota, and Illinois.
After universities had joined federal government laboratories by World War I and
scientific research took a ‘professionalized’ [emphasis added] stance, research
laboratories expanded. Research laboratories owned by U.S. companies accounted for
1,600 in 1931 (National Academy of Sciences, 2010). Although, the industrial sector was
becoming more prominent and dominating research, these laboratories would decline
during the rest of the 1930s, to rebound financially by 1940.
In the United States, higher education often was a site to support differences
expressed with the creation of enclaves for basic research, which were preferred by many
because they were not so easily subjected to unexpected economic variations,
institutional affairs and the like (Reingold, 1979). Ideologically speaking, colleges and
universities were more prepared than government entities or industries to offer American
scientists professional opportunities. Despite efforts put forward by the American College
in its support of American science, its role was underestimated in giving significant
recognition to scientists as ‘agents of change’ in higher education (Guralnick, 1979).
While the creation of federal agencies led to a shift from little to big science in the
1930s (Xie & Killewald, 2012), the type of research was also divided with basic research
under private institutions like the Carnegie institution or the Battelle Foundation and
applied research at universities and in the industrial-government sector. However, the
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division in the type of research did not happen without any political disagreement,
particularly about the social sciences and how they fit in the political landscape of the
1930s (Atkinson & Blanpied, 2008). Although listed as other sciences, social sciences
would be made eligible for research support by the amended National Science
Foundation Act of 1950 (Public Law 81–507).
A transitional period for American science, late 1930s-1945. Prior to the
Second World War, the United States industry had relied mostly on basic research
conducted in Europe. Because of the war devastation in Europe, the United States needed
to rely on its resources to conduct basic research to restore the talent pool (Atkinson &
Blanpied, 2008) to be shared by the public and meet industry demands. With this mind,
opinions already differed as the industrial sector was looking at basic research from an
investment perspective while the federal government incentivized it as a public good. In
Holton (2010), it reads:
World events of the 1930s and 1940s brought new imperatives for science
education curriculum. Efforts to improve science curriculum were largely
local before World War II. By the end of the conflict, U.S. citizens have
become acutely aware of the part of mathematics, science, engineering,
and technology and how important these disciplines were to the successful
outcome of the war to the nation. (p. 768)
The 1930s were critical years, in that the influx of German immigrants led to the largest
growing number of foreign-born scientists in United States history (Reingold, 1979).
Under Section (4)d of the Immigration Act of 1924, university teachers were exempt
from immigration quotas.
In 1940, the total expenditures for research and development in the United States
was estimated to be approximately $345 million, with the private industry accounting for
the most of all three sectors with $234 million, followed by the federal government ($67
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million) and universities and colleges ($31 million) (Atkinson & Blanpied, 2008).
Science and engineering indicators published by the National Science Foundation (2000)
showed that in the years prior to World War II, the source of research funding for private
universities came primarily from endowments and non-profit foundations; state
universities were funded by state funds as the United States government provided
virtually no support for research at the exception of federal contracts. Also, the industry
received little government research and development money; it looked for technically
trained personnel and faculty consultants at universities (National Academy of Sciences,
1995). Because of greater federal expenditures for research and development during the
World War II, many academic researchers were mobilized to work on wartime research
and development projects at their institutions and remunerated for their service. In
contrast, scientists working on military projects during World War I had been military
personnel.
American science: The human resource capacity, post WWII years. While the
prospects of American science and engineering would be important for the future of the
United States and its welfare in the years following World War II, other nations,
including Australia had established by 1946 that it also needed to position itself in the
world of research and science. In the United States, Vannevar Bush and John Steelman
cogently argued in their report of 1945 and 1947 respectively that an increased support in
both financial and human resources were necessary to expand American science. In his
report Science—the Endless Frontier, Bush (1945) argued for the legitimacy of federal
support for basic research and science education to step away from the fact that research
universities had been on the periphery of the United States scientific enterprise prior to
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the World War II. Although Bush (1945) expressed the obligation for the Federal
Government to fulfill its obligations to the public, he stated:
We therefore urge that the Federal Government take a more active interest
in promoting scientific research, and in assuring that the Nation gain
therefrom the benefits of increased security and increased welfare. We are
convinced that the most effective way for the Federal Government to serve
these purposes is to provide to our educational institutions and research
institutes support for basic research and training for research. By so doing,
the Government will increase the flow of new knowledge and the supply
of young scientists trained in research. It is on this new knowledge that
applied science must build, and it is from the ranks of those trained in
research that the leaders in applied science must come. (p. 74)
At the same time, Bush (1945) recommended the creation of a new agency, the
National Research Foundation, known today as the National Science Foundation (NSF),
which would play an important role in basic research in universities. The National
Science Foundation Act of 1950 (P.L. 81-507) aimed “to promote the progress of
science; to advance the national health, prosperity, and welfare; to secure the national
defense; and for other purposes” (p. 1). This post war science-government contract
incentivized the continued efforts toward a national policy to promote basic research in
universities and education in the sciences, including scholarships, graduate fellowships
and independent research. The act would be amended ten years later (P.L. 86-550) with
Congress authorizing the foundation ‘‘… to initiate and support … science education
programs at all levels” (Atkinson & Blanpied, 2008, p. 36). Enacted in 1960, the Pub. L.
86-550 authorized the selection of nationals for scholarships and fellowships (1959).
Although John Steelman had recommended augmenting national research and
development and basic research expenditures within ten years, the availability of trained
personnel was clearly the main limiting factor to developing research and development
activities (President's Scientific Research Board, 1947a). In sum, both the Bush and
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Steelman reports confirmed that the human resource capacity for science and engineering
needed to increase, particularly due to losses during World War II. Atkinson (1990) notes
that despite the fact that data on the production of scientists and engineers before World
War II are not available, the number of U.S. baccalaureates and first professional degrees
from 1900 to 1988 rose at a 4.8 percent annual growth (Figure 3). While each war period
indicates a rate lower that the annual growth after 1978, the number of degrees granted
was above the annual growth rate on three separate occasions, a few years before the
Great Depression, before the Korean War and approximately between 1972 and 1978
(Atkinson, 1990).

Figure 3. Growth of U.S. baccalaureate and first professional degrees from 1900 to 1988.
The dotted line shows a 4.8% annual growth rate. The baby boom identifies the group at
22 years of age. Adapted from “Supply and demand for scientists and engineers: A
national crisis in the making,” by R. C. Atkinson, 1990, Science, 248, p. 426.
Source. National Science Foundation.
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Not only had the war triggered a change in the relationship between science and
society, in that scientific and technological developments were seen as essential to
assuring national security, public perceptions toward science and its role was also critical
to sustain the hegemonic position of the United States in the world. Although John R.
Steelman emphasized in his report that “the security and prosperity of the United States
depend[ed] …, upon the rapid extension of scientific knowledge (President's Scientific
Research Board, 1947a, p. 3), Steelman nonetheless insisted in the President's Scientific
Research Board (1947b) that:
The production of professional scientists, [must take into consideration]
the degree of comprehension of science by the general population. For in a
democracy it is upon the popular attitude toward science that the
attractiveness of the profession, the resulting selectivity …, and the degree
of support obtainable for their work will depend. (p. 113)
In Vannevar Bush’s opinion, scientists needed to have an independent voice in
future national defense projects, however they remained suspicious of government
support for science, questioning whether it could affect the direction and purpose of their
work (Sapolsky, 1979). The perception of scientists supporting public investments in
academic science began to be more visible after 1960 when military sponsorship for
academic science was fading in favor to the National Institutes of Health and the National
Science Foundation, to ultimately lead to a more insatiable quest for resource funding
from the perspective of scientists and universities (Sapolsky, 1979).
Emerging needs of technically trained personnel, late 1950s-1960s. The
Morrill Act of 1862 (12 Stat. 503) contributed largely in transforming higher education
and articulating the creation of the American research university system. The influential
Humboldtian education ideal led to the development of the idea of advanced studies and
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the creation of doctoral programs with research laboratories (Atkinson & Blanpied,
2008). At the same time, science and engineering programs burgeoned in many states.
The act helped stimulate public support for higher education. The elective curriculum by
President Charles W. Eliot led universities to enter the world of active business,
increasing their contribution from knowledge economy in sciences and other disciplines
to help the industry. Now, with the research university system in place, federal funding
has greatly contributed to make STEM education more robust and at the same time boost
research and development services on a large scale (Butz et al., 2004).
The National Science Foundation had an important role in basic research in
universities, and its role would be suddenly intensified by an approximate 250% research
budget increase as the Soviet Union launched the first satellite, Sputnik I into orbit on
October 1957 (Atkinson & Blanpied, 2008). Not only had the United States entered a
technological race a few years earlier with the Cold War, the Sputnik I launch caused a
high level of anxiety, making the United States question its technical superiority
engendering the fear that the nation was not addressing the education of its future
scientists and engineers. Shortly after the event, the United States research and
development, science and engineering education and technology deployment were
expanded (National Academy of Sciences, 1995). At the same time, federal
appropriations for the National Science Foundation research and development,
mathematics and science education, not excluding other governmental agencies would
rise rapidly over the 1960s. They had already more than tripled to $137.3 million one
year after Sputnik I (Atkinson & Blanpied, 2008).
Soon after the Sputnik I launch, the National Defense Education Act (NDEA)
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was created by Congress in 1958 to give the National Science Foundation more capacity
to fund science education and related educational research. The NDEA Act expanded the
role of the federal government in curriculum development and provided loans and
fellowships for science, math and the like at the undergraduate and graduate level.
Federal engagement in U.S. education has been continuing to these days, including
measures in the 1960s with the Elementary and Secondary Education Act (ESEA) and the
Higher Education Act of 1965. Similarly, agencies like the National Science Foundation,
National Aeronautics and Space Administration and National Institutes of Health have
contributed substantially in funding pre-college programs, undergraduate, graduate, and
postdoctoral studies in STEM fields (National Academy of Sciences, 1995). For example,
the National Institutes of Health established its roles and control in supporting academic
research over most health-related research, including biomedical research, which has
been given greater attention and funding by the federal government (National Academy
of Sciences, 1995) in the late 1950s in light of new scientific understanding of disease in
the anticipation of medical breakthroughs.
From the perspective of Butz et al. (2004), the NDEA was the most
comprehensive approach to meeting STEM education issue, which would set a precedent
for federal involvement in American education and institute a STEM education policy to
counteract the fact that the Soviet Union’s educational system was becoming more
competitive in mathematics and science. The American people had expectations about
education to teach technological and literacy skills to move the American economy ahead
and assure its security. The NDEA would help “to strengthen the national defense and to
encourage and assist in the expansion and improvement of educational programs to meet
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critical national needs,” (Public Law 85-864, p. 1581). However, realizing that federal
funding of basic research represented 10 per cent of the total federal government
appropriations in 1964 compared to military and space program development and
technology (Killian, 1964), “the large increase of military3 and space research…may
have created an imbalance in the allocation of [the United States] research talent leading
to a shortchanging of research in many parts of the private sector” (U.S. Congress. JEC,
1964). At the same time, the increased pressure placed on federal budget with science
compromised the growth of the pool of future scientists and engineers to be recruited
(Atkinson, 1990). Just as Bush (1945) had estimated the deficit of science and technology
students to 150,000 baccalaureates, fewer PhDs in science were also accounted for,
supported by a cumulative shortfall estimated at 16,000 between 1941 and 1955
(Atkinson, 1990). Reingold (1979) asserts that at the exception of those 15 years after the
World War II, the number in PhD’s was low a few years before the Great Depression as
well. The immigration of scientists from Europe that had begun before the war continued
into the Cold War era, addressing the increased demand of scientists for defense research.
In the 1960s, baby-boomers spurred college enrollments even though fewer than 5,000
Ph.D.'s were graduating each year (Atkinson, 1990). These relatively low numbers would
be compensated for at some point in time, like in 1973, when about 6,000 scientists and
engineers immigrated to the United States (Reingold, 1979). Atkinson (1990) sees that
the shortage of the supply of scientists and engineers could also have been affected by an
uncompensated decline due to fewer college graduates being ready to meet demand on
3

Teitelbaum (2014a) explains that science and technology became increasingly important
for national security – military superiority depended on technological advancement.
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time despite the peak that occurred in 1981 with 4.3 million college students of the 22year-old cohort as identified in Figure 4.

Figure 4. Millions of 22-year-olds in the U.S. population. Adapted from “Supply and
demand for scientists and engineers: A national crisis in the making,” by R. C. Atkinson,
1990, Science, 248, p. 427.
Source. Bureau of Census, 1980 census
Nonetheless, it still does not exclude the fact that in the early 1960s “the science
education community [had become] more and more interested in the strategic role of
scientific knowledge in society” (DeBoer, 2000, p. 585). Concerns were raised about the
effectiveness of the educational system and how to address it in face of rapid scientific
and technological changes in order to prevent the shortage of technically trained
personnel. While Apollo 11 in 1969 marked a huge leap in the history of science and
discovery in America, it also inspired many people to pursue careers in science
(Hechinger Report, 2011). It makes one ponder if that new mode of thinking positioned
science as a ‘bargaining chip’ for nations to sustain their production of human capital
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across the competitive landscape that operates on different principles. The consumption
of rapidly ‘transformative currencies’ such as technology, for example, is a major
principle that many societies in the world population have become dependent on
for personal and business use, daily.
Anti-science idiosyncrasies of two presidencies. In light of the role of the
military that affected academic science and university researchers, who worked under
military-sponsored projects during World War II (Sapolsky, 1979; Xie and Killewald,
2012), the optimism associated with science and technology in early twentieth century
was damaged after realization of the destructive potential scientific development had had
on society on the onset of World War II (DeBoer, 2000). In the late 1960s, the Vietnam
War created anti-war movements in the United States, holding science and engineering or
scientists rather responsible for war casualties, but also draining the American economy.
Both Presidents Lyndon Johnson and Richard Nixon cut university research budgets
because of their dislikes of university faculty, who opposed the war (Shapley, 1973).
Reingold (1979) refers to the anti-science idiosyncrasies of Lyndon Johnson and Richard
Nixon at the time, when science was not represented as a symbol of the nation “despite
$32 billion for research and development in 1974, [with] more than a half million persons
[involved in the process and] despite $4 billion for basic research” (p. 19).
Nonetheless, science served both purposes; the cultural uplift and a service role of
American universities. The University of Illinois as a land-grant school for agriculture
and mechanical arts and University of Chicago are two examples of this ideal with
“theory and practice, culture and service, the elite and the masses” (Reingold, 1979, p.
17). Despite these efforts in promoting an environment to distinguish basic research from
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the national tendency to blend theory and practice, U.S. scientists were still not at ease in
society. By 1960, McGrath (2002) alludes to how American scientists were largely
invisible to the public, perhaps due to 1) the apolitical attitude of the science advisory
committees observed by President Eisenhower (Killian, 1964) and 2) the peculiarities of
Johnson and Nixon toward science.
The changing landscape of science (and the world). Looking at the United
States from the perspective of a “research-reliant society” and in the domain of
‘innovation industry’, Killian (1964) argued that science in the United States was “full of
growing” (p. 12) and pure science was still lacking while science and engineering held in
U.S. universities were unmatched globally. Between 1950 and 1970, the American
economy saw an unprecedented rate of growth with a flourishing research university
system, linking education with research in graduate schools. The American university
was able to distinguish itself with a large number of Nobel Prizes awarded to Americans.
All things considered, the federal government played an important role, with support
accounting for 54.6 percent of research performed in U.S. colleges and universities as
opposed to the industry support accounting for 7.7 percent in 1953 (Atkinson &
Blanpied, 2008). However, since the World War II, financial expenditures for research of
modern science have increased so much that universities have been faced with a dilemma
for not being able to afford such expenses. As a result, support from private foundations
or federal agencies such as the National Science Foundation and the Atomic Energy
Commission, for example, have become increasingly sought after. Although “the federal
government had an incentive to support basic research as a public good” in the 1940s
(Atkinson, 2008, p. 35), these large sums of money may have attracted more attention
45

from the general public in recent years, particularly with the false perception the public
may have about higher education (Griswold, 2006). Along with the increased number of
scientists in many areas and competitive pressures in academic life per se, scientists have
become more dependent on reputation as they try to build a prestige to assure further
assistance for their research, financially and from assistance of postdoctoral fellows. The
nature of scientific work has changed and universities are more engaged in active
research of high-quality compared to industry and government laboratories (Reif, 1965).
At the same time, advances in basic research have increasingly been leading to rapid
technological developments coupled with patenting and publication of results within a
narrow timeframe. These practices have weighed even more in highly developed
disciplines, for example, in physics, reflecting the expansion of science through rapidly
changing ‘fashionable areas’ of scientific activities (Reif, 1965). Between 1940 and 1960,
the annual research and development growth rate of nearly 20 per cent indicated in
Machlup (1962) continued despite limited funding and personnel. While the U.S. industry
had hardly any competitors until the mid-1960s, this prominent position would soon be
faced with an increased competition from Europe and Japan (Atkinson & Blanpied,
2008). Associated with the relatively low federal government support allotted to higher
education, the percentage of students comparison and distribution in science and
technology versus humanities, arts and law in the United States was substantially below
the mean of sixteen advanced countries, including West Germany and Australia, for
example, with more students studying science or engineering (Harbinson & Myers,
1964). Despite national needs, Killian (1964) concluded that too few students were
electing science and technology.
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Is American science and technology in decline? In the late 1950s, questions
about the goals that science education should play and the effectiveness of the
educational system in the United States were raised. From the five reports the Rockefeller
Brothers Fund issued in June 1958, one focused on the state of American education. The
report on education raised the question about effectiveness of the educational system in
light of rapid scientific and technological changes people were facing and social concerns
scientific literacy continued to raise (DeBoer, 2000). Scientific literacy had already
gained more momentum in the 1970s and early 1980s relative to the increasing societal
benefits it was offering (DeBoer, 2000). Adams (2010) notes that the expansion of U.S.
universities after World War II tapered off after 1980, when science and engineering
seemed to have converged. It was in the 1980s that Reagan, Thatcher, and Kohl believed
that free-market and private enterprise could engender greater economic and social
prosperity (Makwana, 2006). As the Reagan administration had instituted the transfer of
federal student aid programs to the states, William Bennett drew attention away from
student aid to focus on academic standards, making the statement that higher education
needed reform more than new money. The NCEE (1983) report, A Nation at Risk was
published soon after.
Policies that surround STEM education are more prominently discussed at the
federal level and can be traced back to 1957 with the Sputnik I launch that became a focal
point for criticism of American education, pitched as a crisis in education, particularly
about math and science education. Nonetheless, failures in the American school system
were spotlighted by A Nation at Risk. The school system was blamed for inadequate
training of teachers in mathematics and science and poor academic performance of
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students, high school standardized average scores were lower than when Sputnik I was
launched, for example. All these reasons led to the weakening of educational foundations
in the United States in face of global competitiveness for a nation’s “once unchallenged
preeminence in commerce, industry, science, and technological innovation … [that had
been] overtaken by competitors throughout the world” (NCEE, 1983, para 1). Despite
this political maneuvering, concerns shifted to the nation's competitiveness and quality of
workforce, but also limited the feasibility of student aid (Stampen and Layzell, 1997).
However, while the educational researcher Paul Hurd echoes what the NCEE (1983)
report placed on deficiencies of the school system in “raising a new generation of
Americans that is scientifically and technologically illiterate” (p. 4), John Slaughter, a
former Director of the National Science Foundation, warns that there is "a growing
chasm between a small scientific and technological elite and a citizenry ill-informed, … ,
on issues with a science component" (p. 4) that are fundamentally critical and must be
addressed.
In 1985, the American Association for the Advancement of Science created
Project 2061—a long-term research and initiative for all Americans to become literate in
science, mathematics, and technology. Although these efforts led to reform initiative with
“national standards and inquiry-based approach instruction”, Anthony P. Carnevale notes
that results were not conclusive (Sarachan, 2013, para 21) even though the need for more
inquiry learning in undergraduate STEM education, for example, had already been
investigated by some universities in the late 1970s. Breiner, Johnson, Harkness, and
Koehler (2012) note that even though changes could have happened in the educational
system, they often failed to concretize.
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From the mid-1990s to the early 2000s, significant changes in science and
engineering have occurred, with the rapid transformation of the high-tech industry,
including the dot-com and telecom booms (Teitelbaum, 2003; Teitelbaum, 2014a).
During that time, universities were faced with considering alternative sources of funding
to remain competitive with private universities, including tuition plans (Adams, 2010).
Nonetheless, corporations and lobbyists argued on a supply-demand political agenda
despite the fact that shortages had at least existed since the 1990s, if not since the 1950s
at different rates in different STEM-related fields of study. How could these issues be
acknowledged just as Vannevar Bush viewed the program for science in 1945 in that
these issues warrant immediate attention and leadership despite the lack of consensus that
may exist across the educational model?
Australia
The history of science in Australia has been greatly influenced by the presence of
German scientists in Australia and the foundational expertise and scientific leadership
they brought with them in the mid-nineteenth century. Home (1995) attributes the flow of
German scientists to have been “in response to a vision of science inspired by the
writings of Alexander von Humboldt” (p. 19), that goes beyond the economic value
scientists bring to another culture. Despite these influences, the idea of the university in
Australia was still in need to be defined. Just as the Rockefeller Foundation had been
involved in science and research in the United States, it extended its activities and
support to Australia in fieldwork discoveries. In 1930, the Australian Council for
Educational Research was established, funded by the Carnegie Corporation. The source
of those provisions from American private foundations were crucial, particularly when
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“there was no external support for research in the Australian University – until 1936
when the Commonwealth provided pitiful annual sum of £30,000 for scientists”
(Mcintyre, 2009, p. 361).
The call for more trained personnel. World War II had a profound effect on
Australian higher education. The Commonwealth had become concerned of an immediate
shortage of trained personnel as too few doctors, dentists, engineers and other specialists
were trained by universities (Australian War Memorial, 1977a). It did not take long, that
“on 29th October 1942, [provisions] for financial aid to all students admitted to the
quotas in the Faculties of Medicine, Dentistry, Engineering, Science, Veterinary Science
and Agriculture, [were adopted] (Australian War Memorial, 1977a, p. 38). Shortly before
the end of the war, labor shortages of skilled technicians, for example, in the rubber
industry, timber-cutting or manufacturing of agricultural machinery still remained a
concern. In a sense, the need for a skilled workforce transpired through the
Commonwealth Reconstruction Training Scheme (CRTS) just as it did in the United
States with the GI Bill. Introduced in March 1944, the CRTS offered individuals, who
had served in Australia's armed services during World War II educational and vocational
training (NAA, 2015). Under the CRTS, “25,000 ex-servicemen and women [were able]
to undertake university studies” (Mcintyre, 2009, p. 361). In light of labor shortages, the
federal government’s response lent itself to the creation of the Australian National
University as a research institute in 1946. Nonetheless, the Australian university
remained dependent on government support, including the Commonwealth in the funding
of highly localized programs and fields of study. The Australian university lacked
autonomy and the programs of study it offered were not sufficiently diverse as they were
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in the United States. Despite these constraints, under the legislation the Commonwealth
Scientific and Industrial Research (CSIR) was established in 1926 to recognize scientific
discoveries in Australia. The CSIR was renamed CSIRO in 1949. The latter is an active
government agency organizer in national education STEM programs, orchestrated by the
Office of the Chief Scientist and the Australian Science Teachers Association (ASTA).
The CSIRO is one of other government agencies besides universities and some colleges
of advanced education among which applied research initiatives are distributed. It is
important to remember that in 1970, the Australian Research Council had funded only
A$4 million towards the Australian’s system of research (Mcintyre, 2009). With this in
mind, Dawkins had the intention to maintain the reputation of Australia in being a nation
that conducts high-quality basic research. In post-World War II years, reforms and
expansion were going to be the hallmarks of the Australian higher education. Post-war
economic prospects in Australia called for the resumption of a large-scale immigration
(Australian War Memorial, 1977b; Mcintyre, 2009), which have rendered Australia as a
more culturally diverse nation since then.
The 1960s to the mid-1980s. Within a few years, and as a result of the
Committee on the Future of Tertiary Education appointed in 1961, the Australian higher
education system of universities and degree-granting colleges of advanced education
(CAE) would be differentiated by the function of colleges and universities, hence be
transformed as the binary system, which lasted until 1988. While colleges would include
vocational and teaching-oriented functions; universities would include academic and
research-oriented functions. Comparatively to the United States and the Federal Republic
of Germany, the proportion of Australian labor force holding at least a first degree in
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1981 was similar to the Federal Republic of Germany in 1980 at 8 percent. In the United
States, that proportion of labor force was 19 per cent in 1981 (Dawkins, 1987).
The Australian higher education kept expanding; nine other universities would
be created by the mid-1970s, in addition to the ten in the early 1960s. However, the
Commonwealth Tertiary Education Commission (CTEC) (1986 as cited in Mcintyre,
2009) observes that funding for universities provided by the Commonwealth government
between 1975 and 1985 was stagnant even though the number of students increased by
15.5 percent (or 175,000) in 1985. Australia’s participation rates for young students in all
forms of education and training had been historically among the lowest of OECD
countries until the early 1980s (Dawkins, 1987). The CTEC reported that an estimated
11.0 percent of 18-24 year olds were enrolled in higher education in 1986. Looking back
at 1942 when shortages of specialists were critical, shortages were attributed mainly to
the cost of a university education for able students. Thirty years later, in 1974, the
Witham Labor government would establish new policies, in part by abolishing student
fees and making the Commonwealth government responsible for nearly all funding of
higher education.
The late 1980s. Despite these changes, universities were not prepared to face new
demand and by 1988, John Dawkins as the Minister for Employment, Education and
Training reformed higher education and streamlined its operations. King and James
(2013) see that the current character of Australian higher education reflects very much
the reforms that took place under Dawkins. In 1985, expenditures on higher education
research and development accounted for more than $731 million (Dawkins, 1987). More
research and development and innovation-related policies and strategies have occurred
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since and reports like Transforming Australia’s Higher Education System have had direct
implications on STEM discipline education.
The Dawkins Revolution was not well received from academia. From the political
actions led by Dawkins, student fees were restored in 1989 and just as enrollments
increased, government funding did not. As a result, students were left with deferred,
income-contingent loans (Mcintyre, 2009). Under legislation, the Higher Education
Funding Act had been passed in 1988, enabling grants of financial assistance to higher
education institutions. Nonetheless, the act served as the statutory basis for the Higher
Education Contribution Scheme (HECS) that the Hawke labor government introduced in
1989 to have students responsible for part of their university education through the
taxation system. As Dawkins had announced that increasing student enrollments was
essential to increase Australia’s competitiveness internationally, private financing would
reduce the cost to government of financing higher education. Lastly, Dawkins had also
wanted to increase university-industry partnerships to become more prominent in a
national innovation policy.
The turn of the twenty-first century. After the more systemic restructuring of
Australian higher education and new forms of financing students in their university
education, “the Bradley Review proposed an architecture for growth in undergraduate
education as a major step towards creating a more responsive tertiary sector” (King and
James, 2013, p. 13). In essence, the intention of the 2008 Review of Australian Higher
Education, also known as the Bradley Review had been to incentivize universities for
increasing enrollments under the premise of uncapped university places in light of little
interest shown in moving across Australia for higher education (King & James, 2013).
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The report has been reviewed by different authors, including the University of Melbourne
in July 2008 and Bradley, Noonan, Nugent, and Scales (2008), who wrote the final
report. Mcintyre (2009) observes that the Australian university did not have strong links
with the industry. Dawkins had planned to solidify those relationships, by building
stronger ties with businesses just as Australia sought to imitate the success of the
American University (Mcintyre, 2009).
Stability in the ‘rules of the game’. The call for stability is announced in the
2008 Review of Australian Higher Education. The wording espouses how the adaptability
of American high education has enabled stable approaches to economic and political
change over time. In the review by the University of Melbourne in July 2008, the
“American higher education [is described as to have] adapted more quickly and easily to
changing demographic, economic and political change” (p. 26). Australia has followed
the United States with avid attention (Mcintyre, 2009), in that it sees in part, how the
United States has an advantage with data collection and analysis to benefit students, the
education sector and government (University of Melbourne, 2008). Although Australia
has done extremely well with its international education marketization, that market has
nonetheless being sluggish since 2009. Australia has been faced with a rapidly growing
number of universities and research science enterprise in East Asia. Marginson (2013)
sees “the Australian government seems unable to generate the kind of extended vision” to
support these new developments (p. 7). Since the 1980s, the Australian higher education
system has gone through major reforms, which may have prevented adaptability to
changing circumstances. There is hope nonetheless for Australia to set long-term plans, in
that “the Chief Scientist, Professor Ian Chubb is working hard to put science and
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technology policy on the political agenda” (Marginson, 2013, p. 8).
Germany
Higher education in Germany has a long and foundational history, in that it
distinguishes itself with the Humboldtisches Bildungsideal (or Humboldtian educational
ideal) created by Wilhelm von Humboldt (1767-1835) in the early nineteenth century.
Humboldt founded the University of Berlin in 1810. In the United States, the
Humboldtian ideal shaped the research universities. In the late nineteenth century,
Hinsdale (1898) had noted that Germany had “exerted upon [America] the most
protracted, the deepest, and the most salutary educational influence” (p. 61).
Under the Nazi regime between 1933 and 1945, the Reich’s Ministry of Science,
Education, and Popular Education exercised strict control over German universities
(Lingens, 1998). During those times, between 120 and 150 world-class German scientists
migrated to the United States (Reingold, 1981), inevitably leading German science to a
dramatic decline. In the first five years, between 1933 and 1938 the number of students
had dropped by almost 54 percent, from 121, 000 to 56,000 students (Lingens, 1998).
Those migrations led to strengthening American science in supplying scientific talent and
expertise.
The years following World War II. After World War II ended, the idea to
‘democratize’ universities in Germany was a high priority. At the same time, attitudes
towards the noble humanistic educational ideal of the Humboldtian model were soon
going to change as the need to align curricula to the acquisition of professional skills was
increasing. As the shortage of engineers had raised vivid discussions in the early 1950s,
the Cold War would bring those big ideas for reform the German university to a halt. In
55

whole, the rebuilding years of the 1950s happened under the reminiscence of proud
traditional times for the German university. As the German education system moved
from elite to mass education in the early 1960s, a new type of universities of applied
science (Fachhochschulen) permitted to attain an engineering education more quickly.
Also, more students were graduating in engineering as the duration of engineering studies
had been shortened to four years. In sum, Fachhochschulen provided a more attractive
curriculum, more strongly oriented to meeting requirements and needs of professional
occupations to industry demand. Schramm and Fraunholz (2012) state that participation
in the field of engineering increased by only 55 percent between 1960 and 1971 as
opposed to 217 percent for humanities and social sciences (Figure 5).

Figure 5. Fields of study at West German universities and technical colleges, 19511991*. Adapted from “Between the Ivory Tower and the Industrial Laboratory:
Universities in the West German Innovation System, 1945-1990,” by M. Schramm and
U. Fraunholz, 2012, Historical Social Research, 37, p. 258.
*

Statistisches Jahrbuch für die Bundesrepublik Deutschland, various years
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By the late 1960s, the increased desire to attend higher education and the number
of West German students increased rapidly with the expansion of higher education
(Kehm, 1999). Essentially, the number of higher education graduates increased even
more after the reunification with the German Democratic Republic (GDR) in October
1990 (Kehm, 1999, Table 1). Nonetheless, soon after the enactment of the Federal
Framework Act for Higher Education in 1976, which purpose was to establish a more
uniform legal framework for higher education (Lingens, 2012; Kehm, 1999), admission
restrictions began to be discussed. In 1977, the Federal Ministry of science and education
rejected the provision as such action would be against the Constitution (Lingens, 2012).
By the 1980s, able German students sought to study in the United States or other
countries, known for their high-quality postsecondary education (Fallon, 2012). Although
the public sector had been the main employer, graduates started to merge to the private
sector as the need for highly qualified professionals was on the rise in the industry, for
example. Graduates from Fachhochschulen, which accounted for about one third of the
total student population in the mid-1990s, were prime candidates for the industry as
students held skills in engineering, for example, to meet “the ever-increasing complexity
of industry” (Lingens, 1998, p. 48).
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Table 1
Numbers of Higher Education Graduates in the Federal Republic of Germany: 19601996

Note. Adapted from “Higher education in Germany: Developments, problems, and
perspectives,” by B. M. Kehm, 1999, CEPES Monographs on Higher Education, p. 45.
Sources. Wissenschaftsrat, Zur Lage der Hochschulen Anfang der 80er Jahre. Textteil
(Cologne, 1983); Wissenschaftsrat, Empfehlungen des Wissenschaftsrates zu den
Perspektiven der Hochschulen in den 90er Jahren (Cologne, 1988); Wissenschaftsrat
Eckdaten und Kennzalen zur Lage der Hochschulen. Stand 1996 (Cologne, 1996);
Statistisches Bundesamt, Bildung und Kultur. Fachserie 11, Reihe 4.2; Prüfungen an
Hochschulen 1996 (Wiesbaden, 1996).
The decision to invest in higher education. At the turn of the twenty-first
century, the German’s university system was in need of restructuring to sustain its
academic and economic future. In 2004, the federal minister for higher education and
research, Minister Edelgard Bulmahn expressed that federal investments in higher
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education were a must. The idea was to elevate a selected number of German institutions
to an elite status (Fallon, 2012). As a result of a prompt undertake, $2.6 billion shared by
the federal government (75 percent) and the states (25 percent) were appropriated within
18 months, towards the Excellence Initiative (WR/Wissenschaftsrat, n.d. as cited in
Fallon, 2012). Although the intent had been limited to focus on a few ‘elite’ institutions
initially, the university sector was more broadly impacted from it since the program
would encompass the strengthening of research and reforming of doctoral education
(Fallon, 2012).
The production of scientific and scholarly talents. More generally, since the
1990s, STEM policy has very much been on the European Commission’s agenda
(Marginson et al., 2013, p. 55; Marginson, 2015). Nonetheless, the needs for Germany to
compete for top scientific and scholarly talents on the global stage have led to significant
investments to increase the contribution of universities in human capital formation and
research innovation (Fallon, 2012). The role played by MINT is crucial, particularly for a
nation, where engineering has a large presence. The work of Germany in basic and
applied research is displayed by reputable institutes such as the Max Planck and the
Fraunhofer Society, respectively.
Besides Germany’s strengths, it is also, just as Australia is, looking at the
American’s system of higher education and research. Comparatively, expenditures in
tertiary education for Germany accounted for 1.1 percent of the GDP between 1995 and
2005. During the same time period, expenditures increased from 2.3 percent to 2.8
percent for the United States. Latest figures indicated a slight increase (0.2%)
for Germany and a decrease for the United States (-0.2%) (NSF, 2014a).
59

Summary
As science in the United States emerged as a profession and higher education
began to employ a greater number of scientists in the early years of the twentieth century,
science education was also becoming more important. Progressively, industrial and
government research laboratories began to expand rapidly, which also led to greater
numbers of baccalaureate degrees. As the World War II conflict was unraveling, the
United States soon realized how important science, engineering and technology were to
be successful in the military conflict. At the same time, funding played a vital part in
articulating research and development while shifting the need for technically trained
personnel and faculty to wartime activities. Although many German scientists had
migrated to the United States in the 1930s, the need for more human resources after
World War II was fundamentally crucial to expand American science. While concerns
were to establish a position in the world of research and science, the National Science
Foundation Act of 1950 was instrumental toward establishing a national policy to
promote basic research and education in the sciences.
Prospects about science and engineering workforce were not limited to the United
States. Both Australia and Germany were facing similar issues, addressing their needs
and wants either by means of a large-scale immigration or rebuilding from the destruction
of the war in Europe. It was not long before the Cold War had a profound effect on
Germany, slowing down the higher education reform and leading to critical times in the
United States, when it began to question its technical superiority after the launch of
Sputnik I. As a result, federal appropriations for science and engineering education and
technology in the United States were greatly increased in light of critical needs for STEM
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workers. Despite concerns about the hegemonic position of the United States in
promoting scientific research and fulfilling its obligations to the public, the nature of
scientific work has changed over time and so has the work of universities’ research in
‘fashionable areas’ (Reif, 1965). Coupled with scientific and technological
transformations in the last decades, the political discourse based on supply and demand
for high-skilled scientists and engineers has presented fundamental challenges for higher
education about funding and the means to remain competitive globally despite the lack of
consensus that may exist across the educational model. While Australia and Germany
may not qualify their shortages in STEM workers or MINT, for Germany, the notion that
shortages exit is a valid cause for concerns in light of an ageing population and
demographics that has changed over recent decades.
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CHAPTER IV
CRITICAL REVIEW OF THE STEM SHORTAGE DISCOURSE
IN THE UNITED STATES
What is Meant by STEM in the Educational Context?
Understanding STEM
While Bybee (2010) recalls how education in the United States was facing
national and international challenges in the 1950s, leading to a major curriculum reform,
he also advocates to make STEM literacy an educational policy to advance STEM
education in a broader sense in that the acquisition of new knowledge develops a capacity
beyond STEM disciplines to shape one’s intellectual, social and cultural world. The
notion of a general agreement extends to a more fundamental issue in that STEM
education needs to be better understood amongst professionals (Brown, Brown, Reardon,
& Merrill, 2011). In promoting STEM, Brown et al. (2011) see many benefits in how
technology education has attempted to integrate the ‘other’ letters of the acronym. With
this in mind, students can experience real-world situations and build the connections
across STEM fields that are needed in an ever-changing workforce environment. This
could resonate as an operational definition of STEM.
The need to better define what STEM education means and how the definition
carries out with the other disciplines like science and technology remains nonetheless
essential to more clearly address how STEM education is implemented. Conant (1947)
62

argued for the need of “a widespread understanding of science” (p. 3), which in his
opinion could best be understood by laymen like public servants, teachers, businessmen,
and others. Sanders (2009) maintains that STEM remains ambiguous and that its meaning
can easily be misinterpreted when people in the field of education refer to it, as STEM.
The demand for STEM degrees is “a proxy for the demand for underlying
competencies” (Carnevale et al., 2011, p. 9) that shape the values of STEM education and
influence how cognitive human capital is developed (knowledge, skills and abilities KSA) in the United States. While cognitive competencies contribute largely to building
knowledge, answering what STEM is does not end here. There is a non-cognitive facet to
it as well, in that learners can explore STEM from an investigative standpoint to build the
valued interest to achieve their goals for a successful career, independently in STEM
fields. Nonetheless, the fact that “there is not a clear vision for STEM education even
amongst those who believe it is important” (Brown et al., 2011, p. 8) could inevitably
impede its implementation along with the valued collaboration between peers across
STEM disciplines about curriculum matters and integrated planning, for example, that
STEM often requires.
Defining STEM
While Chomsky (2014) sees education as a means that involves “acquir[ing] the
capacity to inquire, to create, to innovate, to challenge,” (para 14), the four letters of the
STEM acronym are used interchangeably by different audiences, which can make the
conceptualization of STEM more difficult (Breiner et al., 2012) than it probably had been
expected.
In the early 1990s, SMET for science, mathematics, engineering, and technology
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was the acronym used by the NSF. However, STEM was branded in 2001, when Judith
A. Ramaley, a former director of the NSF’s education and human resources division first
used the acronym to refer to science, technology, engineering, and mathematics
(Teaching Institute for Excellence in STEM, 2015). Nonetheless, it makes one ponder the
question what STEM is and how it is defined.
The NSF defines the term ‘STEM’ more broadly while it funds research in the socalled core sciences such as mathematics and physical sciences for example and
engineering, but also social and behavioral sciences as psychology, economics,
sociology, and political science (Breiner et al., 2012; Gonzalez & Kuenzi, 2012). By
contrast, other federal agencies define STEM more narrowly such as Department of
Homeland Security (DHS), U.S. Immigration and Customs Enforcement (ICE), with a
focus on mathematics, chemistry, physics, computer and information sciences, and
engineering, excluding social sciences.
From a data perspective about occupations in the United States and under the BLS
2010 Standard Occupational Classification, STEM occupations are divided in two
primary domains, including two sub-domains each, 1) The science, engineering,
mathematics, and information technology domain includes two sub-domains such as life
and physical science, engineering, mathematics, and information technology occupations
and social science occupations and 2) The science- and engineering- related domain
includes two sub-domains, architecture occupations and health occupations (BLS, 2012;
2013). A more granular examination of the BLS definition of STEM occupations shows
mathematical science occupations; architects, surveyors and cartographers; STEM-related
postsecondary teachers; physical science technicians; STEM-related sales; STEM-related
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management; drafters, engineering technicians and mapping technicians; engineers;
computer occupations (BLS, 2014, Figure 6).

Figure 6. STEM employment by type of STEM occupation, May 2014
Note. STEM occupations are defined here to include computer and mathematical,
architecture and engineering, and life and physical science occupations, managerial and
postsecondary teaching occupations related to these functional areas, and sales
occupations requiring scientific or technical knowledge at the postsecondary level.
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Adapted from “Occupational Employment Statistics. Employment by type of STEM
occupation,” by U.S. Department of Labor, Bureau of Labor Statistics, 2014.
Upon request from the Office of Management and Budget (OMB) in July 2011,
the final recommendations issued by the Standard Occupational Classification Policy
Committee (SOCPC) to define STEM occupations were approved in April 2012. As “the
discussion and analyses quickly get confounded since there is no commonly agreed upon
definition of STEM” (BLS, 2012, para 1), these recommendations are to improve data
comparability across organizations and statistical agencies that use those data for
policymaking decisions about STEM workforce (BLS, 2012). Although the publication
of the revised SOC codes is scheduled for 2018, Landivar (2013) reported on the first
SOCPC recommendations, identifying STEM across three separate categories, STEM,
STEM-related and non-STEM occupations (Table 2).
Defining STEM remains a challenge and even though it is commonly used, “there
is no consensus on how it is defined” (NSF, 2015, p. 1)4. For example, the STEM
workgroup formed under the SOCPC (2012) includes the NSF as one of many
representatives; at the same time the NSF defines STEM under slightly different field of
degree categories, under a broader scheme. The lack of consensus and standardization in
defining STEM extends to whether some occupations are represented, for healthcare
practitioners, engineering managers or social scientists. Those occupations are included
in the BLS definition, however machinists are not. Interestingly, the Center on Education
4

It might be possible to draw reasonable boundaries in defining STEM; it nonetheless
depends on, “what’s your purpose” H. Salzman (personal communication, September 29,
2015) affirms.
66

and the Workforce at Georgetown University includes workers at the sub-baccalaureate
level, who are often not part of STEM discussions and definitions (Carnevale et al.,
2011).
Table 2
Classification of STEM, STEM-Related, and Non-STEM Occupations

Note. The full list of Census Bureau occupations and occupation specific used in the
report by Landivar (2013) is available at http://www.census.gov/people/io/methodology/.
Adapted from “Disparities in STEM employment by sex, race, and Hispanic origin,” by
L. C. Landivar, 2013, American Community Survey Reports, ACS-24, p. 3.
With these definitions in mind, Angier (2010) speaks about the easily
misconstrued interpretation of STEM education. At the same time, some analysts argue
that field-specific definitions can be too static and that definitions of STEM should focus
on “an assemblage of practices and processes that transcend disciplinary lines and from
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which knowledge and learning of a particular kind emerge” (Moon & Rundell Singer,
2012, para 3). To that effect, STEM could mean “an integrated curricular approach to
studying grand challenges of our era" (Bybee, 2010, p. 31). Despite all these definitions,
the definition of STEM is somewhat amorphous (Bettinger, 2010). While opinions about
how STEM should be defined differ, defining it may simply depend on the purpose for
which a definition is sought out and how it impacts or benefits “the national health,
prosperity, and welfare” (P.L. 81-507, p. 1).
The Ambiguity with Labeling STEM
While Bybee (2010) seeks to advance an understanding for STEM education, he
sees it "as a generic label for any event, policy, program, ... that involves one or several
of the STEM disciplines" (p. 30), for example, science or mathematics and not so much
as technology or engineering. There is a sense that STEM operates under a common
operational concept, which is lacking (Breiner et al., 2012). While asking what science is,
Conant (1947) alludes to social scientists and yet acknowledges that “the failure to agree
on a satisfactory definition of science is in part responsible for some of the confusion in
the verbal conflict about the study of man” (p. 27). This ambiguity associated with the
STEM acronym raises the question whether this lack of clarity prevents the United States
to adequately address education and workforce issues in STEM, where major
stakeholders involved in discussions are legislators, administrators, teachers, parents, and
more. With this in mind, it is not clear how the teaching of each of the four concepts
separate from one another still represents STEM education.
While Breiner at al. (2012) sought to address the conceptualization of STEM
education and partnerships, they run a qualitative study to reinforce the idea that the
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STEM acronym meant enough and was not leading to confusion5. More precisely, from
the 222 responses collected from STEM education faculty in the College of Education
and Criminal Justice and Human Services at the University of Cincinnati, Breiner et al.,
(2012) gathered three themes, 1) A null relationship to STEM, 2) Personal reasons, and
3) Societal issues in addition to the authors asking the question, what is STEM? Findings
revealed that 72.5 percent of respondents knew what STEM stood for, yet only 57 percent
of that group had used the acronym. Breiner et al. (2012) revealed the lack of
cohesiveness across the acronym, which inevitably constitutes “a challenge in changing
the paradigm from compartmentalizing academic disciplines” (p. 9). Those findings are
echoed by Dr. Elizabeth Stage, director of the Lawrence Hall of Science at the University
of California, Berkeley, who thinks that it takes away what the fields have in common
like problem solving, critical and analytical thinking for example to ‘silo out’ the
different disciplines (Angier, 2010).
Schibuk (2008) points out that a multidisciplinary approach to STEM education
would boost STEM curricular innovation – an alternative that had not been discussed by
educators and education researchers until the 1970s. Three decades later, new
perspectives presented by Moon and Rundell Singer (2012) indicate an understanding
that interdisciplinary collaboration across core concepts and practices is essential to
fundamentally build up on STEM learning and teaching processes in undergraduate
science education, for example, including how STEM knowledge is learned and
conceptualized even though there is no consensus for agreeing on the right approach.
5

Although STEM policies are also critical to P12, this policy analysis does not
concentrate on this level of education.
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However, the question remains in determining what STEM is and how it aligns with
education and workforce. Besides, depending on how STEM is defined and how science
education could remove the narrow interpretation of science attributed in STEM in
concepts and objectives remains a matter of interpretation as understanding STEM is
central to the federal policy conversation (Gonzalez & Kuenzi, 2012). The fundamental
confusion raises questions whether STEM may be a form of currency to serve a particular
audience in space and time.
Looking at STEM education from the perspective of federal STEM education
measures such as the America COMPETES Reauthorization Act of 2010 (P.L. 111-358)
signed into law in 2011, which established a broader approach to STEM education at the
federal level under the coordinated efforts of the National Science and Technology
Council (NSTC), the term STEM means “the academic and professional disciplines of
science, technology, engineering, and mathematics” (Section 2). This definition remains
too vague and can easily lead to confusion as to what each of the terms does include or is
interpreted as. The spelling of the acronym may well be known by several agencies,
organizations and even policymakers, its definition remains nebulous and ambiguous
(Moon & Rundell Singer, 2012). The American physicist and astronaut, Sally Ride, who
is one of the founders of Change the Equation acknowledges that the acronym "is not
very helpful when talking to the public" (para 8), which may become more evident when
it is directed to education (Angier, 2010). At the same time, Moon and Rundell Singer
(2012) see that the phrase ‘STEM education’ tends to focus more on the K-12 science
education framework, which in itself represents the underpinnings that provide the
fundamental knowledge to many Americans in that science, engineering and technology
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permeate nearly every facet of modern life (NRC, 2012). This level of confusion aligns
with critics' viewpoint in that, why not simply use science education, just as it is referred
to in most of the twentieth century literature? The misleading interpretation of STEM
education according to Sanders (2009) resonates more like when new things seem to
emerge, the ‘business as usual’ in a sense. By contrast, "STEM without education is a
reference to the fields in which scientists, engineers, and mathematicians toil" (Sanders,
2009, p. 20).
The Need to Establish a Clear Vision
While STEM is critical for the United States, it is likely to expand with
innovation, playing a strong role in the development of sustainable means to meeting
societal and individual needs in education, transportation, environmental protection,
healthcare, for example, as demographic changes occur. Bybee (2010) sees that what
policymakers make of STEM does not always filter down in STEM educational
programs. Science- and technology- based innovation can only happen with an educated
workforce in STEM, where the learning of skills remains an ongoing process triggered by
rapid market changes (Atkinson & Mayo, 2010). Somehow, the philosophical approach
that the “university and the university-scientist must play [a vital role] in maintaining an
effective relationship between government and science” (Killian, 1964, p. 33) constitutes
a guarantor to generate knowledge-seeking and the impetus to feed our growing
dependence on research with the means that invigorate innovation.
While STEM education might not have produced the results that policymakers
had expected, solutions seemed to have been more about "addressing the shortage of
qualified science and mathematics teachers, a problem the No Child Left Behind Act
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(2001) ha[d] targeted" (Sanders, 2009, p. 22). Somehow, historical perspectives bleed in
within different contextual circumstances. They transpire through federal STEM
education measures, for example, the America COMPETES Act of 2007 (P.L. 110-69)
and America COMPETES Reauthorization Act of 2010 (P.L. 111-358). These acts have
set a focus on technology and engineering to meet twenty-first century needs, both
playing a fundamental role in the welfare of American people in light of global
competitiveness (Sanders, 2009). The America COMPETES Act of 2007 included
several recommendations that were incorporated into law from the Rising Above the
Gathering Storm report, circulated as a draft in October 2005 by the National Research
Council (NRC)6. However, the “authorizations” [under the two-key U.S. legislative
funding process] can only enable the expenditures specified, but do not provide the
needed funds” (Teitelbaum, 2014a, p. 19), which ended up having direct consequences in
ensuring that the ambitious public policies set forth by the committee be plausible in the
long-term even though “most [empirical studies that were conducted after the publication
of the final hard copy] have not been able to find credible evidence in support of the
report’s concerns about insufficiency in the numbers or quality of scientists and engineers
being produced by U.S. higher education” (Teitelbaum, 2014a, p. 21). Despite these
facts, the committee draws a daunting outlook for America to compete for quality jobs,
thus leading to the publication by the National Academies Press in 2010 with the sinister
6

The National Academic of Sciences had been co-opted. This critical report had been
written in a very short timetable, which meant that it was not based on empirical evidence
and careful analyses; the report was known to be flawed (H. Salzman, personal
communication, September 29, 2015; R. Hira, personal communication, October 6, 2015;
Teitelbaum, 2014a).
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feel given by the subtitle, “Rapidly Approaching Category 5” (NAS, 2010).
In the 2011 State of the Union, President Obama emphasized on how “this is our
generation’s Sputnik moment” (The White house, 2011) in that the American leadership
in research, education and innovation can ensure the nation’s competitiveness and
security. Although engineering and technology were included when the National Science
Foundation and other government agencies began to prepare national standards for
science education, economics has also become part of what STEM education entails,
particularly in face of an increasing industry responsiveness to government needs in
developing “the link between a well-rounded science education and tomorrow’s techie
workforce” (Angier, 2010, para 15). As STEM education gets more attention for funding
its future as an integrated model will likely depend on how relevant it aligns with the
curriculum, including the education of applied science skills at post-secondary
educational levels. Along those lines, the National Science Foundation recently funded a
program seeking to enhance STEM education at Iowa State University and Des Moines
public schools with a $4.5 million research grant. Similarly, the University of Pittsburgh
was awarded a $2.6 million NSF grant in 2010 to investigate integrative learning
combining mathematics, engineering and science.
Summary
STEM education is fundamentally important in sustaining societal and individual
needs as the United States has become more dependent on STEM workers. In light of a
rapidly changing global marketplace, the learning of STEM skills remains an ongoing
process that must align with the curriculum and the increasing cost of education.
Although understanding what STEM means, who it includes and what disciplines count
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as STEM, may be a matter of interpretation. It remains nonetheless essential to
understand it in order to adequately address education and workforce issues in STEM,
where the major stakeholders involved in discussions are legislators, administrators
and university leaders, corporations supported by industry and lobbyists, and researchers.
Major Tenets (Grounding) of the Discourse
How is the STEM Shortage Discourse Framed?
Current beliefs of STEM education in the United States are founded on the
economic principles of supply and demand, articulated across a political framework.
Besides differences in opinion about STEM education programs in generating a capacity
in human capital, the influence of a global marketplace associated with rapid
technological development and the import of high-skilled scientists and engineers is
fundamentally different today. More specifically, governmental entities, including
legislators, university leaders, corporations supported by industry and lobbyists and
researchers do not seem to share the same opinion about what STEM education means
and what it can do and how it translates into the American workforce supply and demand.
On the basis of those economic principles, issues of funding and immigration are
discussed within the political framework onto which market indicators are added to help
articulate the beliefs that increasing enrollment in STEM education programs in higher
education could be necessary.
While it is believed that a strong supply in STEM workforce can help the nation
to maintain its competitive edge, the discourse is to increase enrollments in STEM
education programs to remedy the STEM labor shortage. One example is the field of
computer science, where proponents of a STEM shortage like Microsoft or Intel
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Corporations argue that a shortage of college graduates would have a dramatic effect on
occupational demands. In order to remedy this problem, the U.S. pipeline for education
and training of STEM workers needs to be supported in order to ensure there are
sufficient graduates in computer science. More precisely, graduates in computer science
include the sub-bachelor level, which is underfunded, yet is projected to account for 66
percent of job openings by 2020. Conversely, the rhetoric of a STEM shortage that
frames the need for increasing enrollment in STEM education programs has another side.
Not all researchers and pundits agree that there are too few STEM graduates in the
United States (Hagedorn & Purnamasari, 2012). Policy reports on labor market shortages
are very much reflecting individual employers’ accounts of the hiring problems of
qualified skilled workers in STEM fields (Lowell & Salzman, 2007). However, Salzman
(2013) questions that if there were a shortage of STEM talent, “where are the market
indicators (namely wage increases) that signal students there is an opportunity to pursue a
career in this industry that is better than their alternatives?” (p. 64). What transpires from
those observations is that the difficulty in finding workers with sufficient experience and
specific technical skills may be more the cause for complaints on behalf of employers7.
Justifiably, Anft (2013) thinks that Americans are not told the truth about the real
problem, considering that: 1) most of the claims come from employers of STEM workers,
lobbyists and trade associations in support of industry, 2) $3.1 billion in fiscal 2010 of
federal money was appropriated for STEM programs in higher education (U.S. GAO,
2012), 3) international students bring in high tuition revenues and 4) STEM programs are
7

The discourse is very much divided across the aisle. Much emphasis is placed on
information technology-related fields as revealed by my conversations with interviewees.
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prestigious for academic education. Along similar lines, Anft (2013) adds that 20 percent
of American scientists in the field of biochemistry and molecular biology, for example,
are considering leaving the United States.
The American tradition could be one of hard-core pragmatism (Anft, 2013) global
competitors are nonetheless not going to wait while business leaders and politicians
remain concerned about the issue just they have been since World War II, the Sputnik I
launch, the competition with Japan and Europe. Undeniably, the politics of shortage
might arise from four primary perspectives, such as: 1) the level of competitiveness that
the National Science Foundation tried to addressed in the 1980s by predicting ‘looming
shortfalls’ in STEM, yet to be scrutinized with embarrassment by members of Congress
in the early 1990s (Teitelbaum, 2003), 2) corporations that employ high-skilled scientists
and engineers and negotiate wages, 3) immigration lawyers who earn a living from these
negotiations, facilitating the import of skilled foreign workers, and 4) university
administrators who depend on enrollments and tuition, while being faced with increasing
challenges in assuring that the fundamental missions of universities of higher education
are met, including producing graduates in STEM fields. Teitelbaum (2003) sees that these
perspectives could align with how “government science-funding agencies may find
wages problematic insofar as they result in increased costs for research” (p. 19).
Economic principles. Teitelbaum (2014a, 2014b) recalls a few time periods since
World War II, each lasting about 10 to 15 years when workforce shortages in science and
engineering had been claimed to be critical. These shortages were argued on the basis of
economic principles of supply and demand. From 1945 to the late 1980s, these
motivations arose from ‘existential’ concerns of the Cold War. From the mid-1990s to the
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early 2000s, significant changes in science and engineering occurred, marked by the
high-tech industry and information technology booms (Teitelbaum, 2003; Teitelbaum,
2014a). The consensus seems to be that “the STEM workforce crisis is an inadequate
supply of domestic talent” (Hira, 2010, p. 950); a discourse that is supported by
proponents from large corporations, university leaders and highly ranked government
officials are clearly expressing the need to increase STEM supply.
The lack of supply. The rhetoric of a workforce shortage in the United States
seems to be a repeat (Cohen, Kisker, & Brawer, 2013), echoing broader fears of the past
as emerging powerful markets have raised challenging concerns in science and
technology innovation. However, focusing too much on repeated historical cyclical
events can mislead public opinion (Salzman, 2013; Teitelbaum, 2014a, 2014b). At the
same time, the changing nature of the labor market and rapid technological developments
that have emerged from globalization and the introduction of other markets, like China
and India are other contributing factors. All things considered, the question about the
need for more new degrees and certificates is raised (Cohen et al., 2013). Coincidently,
employers are being faced with a limited supply of high-skilled STEM workers while
universities are claiming decreasing enrollments (Rochester Institute of Technology,
2007). In fact, claims abound, including the Obama administration, which called for five
million more graduates from community colleges in 2011 (Marcus, 2011) or the Lumina
Foundation stating that a gap of 23 million of two- and four-year college degrees by 2025
could cause an economic decline. However, it raises the question whether the number of
degree holders, warrant these claims when “full-time employment declined by 5.7 million
from November 2007 to November 2011” (Cohen et al., 2013).
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In reporting on wage trends –a key measure of labor demand– Camarota and
Zeigler (2014) state that “over the entire period of 2000 to 2012, real hourly wages
(adjusted for inflation) grew on average just 0.65 percent annually for those with only a
bachelor’s degree and 0.71 percent for all STEM workers” (p. 12; Figure 7; Figure 8). In
a sense, low wages have become more prevalent recently and the number of temporary
workers had already reached 2.94 million by October 2014 (U.S. Department of Labor,
2014).

Figure 7. Average hourly wages for STEM workers with only a bachelor’s degree in
2012 Dollars. Adapted from “Is there a STEM worker shortage? A look at employment
and wages in science, technology, engineering, and math,” by S. A. Camarota and K.
Zeigler, 2014, Center for Immigration Studies, p. 13.
Source. Public-use files of the 2000 to 2012 Current Population Surveys. Each year
averages 12 months of data. Analysis confined to STEM workers with at least a
bachelor’s degree age below age 65. Pareto-imputed mean values for top-coded weekly
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wages are from the “State of Working America”, 12th edition, Economic Policy Institute,
p. 467. Pareto-imputed means for 2012 were provided by EPI separately. Figures for
math tend to be more volatile because of small sample size.

Figure 8. Average hourly wages for STEM workers with only a bachelor’s degree or
higher in 2012 dollars. Adapted from “Is there a STEM worker shortage? A look at
employment and wages in science, technology, engineering, and math,” by S. A.
Camarota and K. Zeigler, 2014, Center for Immigration Studies, p. 13.
Source. Public-use files of the 2000 to 2012 Current Population Surveys. Each year
averages 12 months of data. Analysis confined to STEM workers with at least a
bachelor’s degree age below age 65. Pareto-imputed mean values for top-coded weekly
wages are from the “State of Working America”, 12th edition, Economic Policy Institute,
p. 467. Pareto-imputed means for 2012 were provided by EPI separately. Figures for
math tend to be more volatile because of small sample size.
If the United States depends on education for prosperity and innovation, how
valid are those claims while jobs are exported? Justifiably, proponents who make those
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claims “can easily [trigger] self-fulfilling prophecies” (Teitelbaum, 2003, p. 53) and
create the adverse effect on American students, who wish to become science and
engineering professionals. Most certainly, some see the rhetoric being a political game,
making claims for lower wages and yet corporations, including Microsoft Corporation
advocate for more federal funding of STEM education and more visas for foreign
workers (Anft, 2013). David Hart, director of the Center for Science and Technology
Policy at George Mason University supports the fact that even an engineer needs broader
knowledge beyond science and technology for a nation to sustain its economic driving
force (Anft, 2013). Again, defining STEM can be a matter of interpretation (Gonzalez &
Kuenzi, 2012), yet it is critical to understand it in the context of higher education as it
generates a stock of human capital (Alexander, 2000). The product of STEM workforce
system that derives from STEM education can be described as an interconnected system
of variables –a heterogeneous system– characterized as “a multiple labor markets,
demarcated by occupation, level of degree, geographic location, industry-specific
knowledge, and years of experience” (Hira, 2010, p. 951).
However, most policymakers and industry leaders concur that the United States is
facing a crisis in high-skilled talents (Salzman, 2013). Although STEM may represent
only about 5 percent of the nation’s workforce, it nonetheless plays a critical role in
improving quality of living, national security and societal meaningfulness (Hira, 2010).
More importantly, it is also when economics can shape science under the effects of a
global economy on science and engineering workforce as Freeman (2006a) asserts in that
these occupations contribute greatly to solidifying the leading edge of economic
competitiveness of a nation (Teitelbaum, 2014a, 2014b). Occupations in STEM fields
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represent different levels of education and training. The supply of STEM workers is not
limited to people with STEM degrees. Camarota and Zeigler (2014) state that “nearly
one-third of the nation’s STEM workers do not have an undergraduate STEM degree” (p.
1). These occupations include professionals such as blue-collar or nonprofessionals that
might also require high-level STEM skills to perform their work such as manufacturing.
These high-skilled STEM or STEM-related workers have been and continue to be an
important workforce from an economic and innovative standpoint. What happens to
individuals who are earning good wages in STEM jobs but who may not have an
education as formal as what public policies are overemphasizing? Rothwell (2013) argues
that vocational degrees in science and technology are not being assessed comparatively to
PhD training in science and K-12. With this in mind, several observations are worth
making in that, 1) most innovators and entrepreneurs may not hold a PhD and 2)
tradespeople and technicians hold important roles in the implementation of new ideas
(Toner, Turpin, Woolley, & Lloyd, 2011), being the underpinnings in the pragmatics of
innovative endeavors and global competitiveness. Interestingly, the secondary-technical
sector is strong in Germany. In the United States, technicians contribute greatly in many
important sectors of the economy, including technicians in cyber security. Denning and
Gordon (2015) see those types of jobs to be critical on many level as they can ensure the
operability and security of the information infrastructure that many Americans depend
on. There is a downside to these types of jobs nonetheless as wages may be lower than
for designer jobs or as employees can easily be displaced due to automation or
offshoring.
It makes one ponder the question how the $260 million government and private
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industry initiative, Educate to Innovate, launched by the Obama Administration in 2009
could help alleviate these feelings of job insecurity when employees are losing their jobs
to automation or outsourcing as the intent had been “to move American students from the
middle to the top of the pack in science and math achievement over the next decade”
(The White House, 2013a) to meet the national need for a skilled workforce in science
and technology in conjunction with corporate and public investments. The importance of
knowing whether there is too little STEM workforce in the United States is not only for
the nation to maintain its hegemony in the global competitive landscape, it is also to
ensure a continuum in educating a citizenry to a well-qualified and diverse STEM
workforce to boost innovative thinking and promote education and learning opportunities
across the nation, including the underrepresented populations (OSTP, 2013).
However, Professor Nicholas Vonortas at George Washington University sees a
disconnect between STEM education and what it is intended to do to meet the increasing
needs of high-skilled workers (Charette, 2012). Besides computing technicians whose
talent may be undervalued, in the October 2014 interview by Sonari Glinton on National
Public Radio, one of the commentators states that too much emphasis may be given to
college education instead of vocational skills directly applicable to manufacturing.
Denning and Gordon (2015) see that while universities are not providing training for
technicians jobs, which would require programming or the like, students could go to the
local community college to acquire that knowledge. However, community colleges may
not have the capacity to meet those needs. It was not until the 1960s that vocationalism
gained a certain appeal as students wanted to have more choice in pursuing their
education (Cohen & Brawer, 2008). In reality, the prestige of academic programs stems
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from false distinctions between so-called thinking occupations and so-called vocational
occupations.
The lack of demand. Arguably, opinions differ. STEM workers agree that this is a
lack of demand. Shierholz, Sabadish and Finio (2013) observe that unemployment and
underemployment rates of young college graduates under age 25, represented through the
labor market prospects of the Class of 2013, not distinctive of STEM, have increased
since 2007 (Figure 9).
In determining whether it is a lack of supply or demand, Hira (2010) shares
anecdotal opinions in that STEM workers see the real STEM crisis being a lack of
demand instead. Similarly, Shierholz (2014) concludes that the job market is weak due to
a demand lacking for goods and services; however it is not a true representation of the
labor force, particularly since the beginning of the Great Recession of 2007-2009.
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Figure 9. Unemployment and underemployment of young college graduates, 1994-2013*.
Adapted from “The class of 2013: Young graduates still face dim job prospects,” by H.
Shierholz, N. Sabadish, and N. Finio, 2013, EPI Briefing Paper 360, p. 12.
*

Latest 12-month average: March 2012–February 2013

Note. Underemployment data are only available beginning in 1994. Data are for college
graduates age 21–24, who do not have an advanced degree and are not enrolled in further
schooling. Shaded areas denote recessions. Authors’ analysis of Bureau of Labor
Statistics' Current population Survey microdata.
Shierholz (2014) asserts that the push for more education and training to remedy
the cyclical phenomena will not generate demand and solve the unemployment crisis.
While differences between the number of unemployed workers and job openings by
industry for July 2012-June 2013 remain critical as indicated in Figure 10, the lack of
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demand can also be examined from the perspective of skills mismatch, which has a direct
effect on the labor market, in that it weakens the aggregate demand (Shierholz, 2014).

Figure 10. Unemployed and job openings, by industry (in thousands). Adapted from “Is
there really a shortage of skilled workers?” by H. Shierholz, 2014, Economic Policy
Institute.
Note. Due to the fact that the data are not seasonally adjusted, these are 12-month
average, July 2012-June 2013. Author’s analysis of Bureau of Labor Statistics' Current
population Survey microdata.
Lazear and Spletzer (2012) note that the variation of unemployment rates over
recent years, including the times of the recession was not due to structural changes.
Although, the issue of supply could be labeled as a structural cause, it will nonetheless
reflect changes in demographics or other conditions at some point in time, which can
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persist over time. By contrast, demand tends to be inherently cyclical. Whether a
phenomenon is cyclical or structural, it can easily lead to misinterpretation when the
public does not necessarily understand that demand is not strong because workers do not
have the right skill-set to meet that demand. The right skill set can be technical; “soft
skills”, for example, work ethic and communication are also part of perceived skill gaps
(Cappelli, 2015). With that in mind, the public hears anecdotally that employers cannot
fill positions with skilled workers. Again, it remains a matter of interpretation, depending
on who reports on those data. Unfortunately, the argument brought forth by politicians in
that education and training are the answer to remedy the lack of skills is not scrutinized
by the public, which in itself fuels the political discourse that STEM shortages are
undermining the industry’s capacity to prosper and to create jobs. At the same time, it is
important to recognize that the labor force is not always able to change skills on time in
light of rapidly changing economic and technological progress.
In the same NPR interview by Sonari Glinton in October 2014, Dan Adams, who
is one the owners of MTI in South Bend, Indiana talks about the skills gap MTI Company
is facing. MTI manufactures engine components for jet engines, but people like Dan
Adams state that they cannot fill positions with high skilled workers in machining.
Although there could be a number of reasons for not being able to find workers with the
right skills, what are the root causes for this skill gap? While employment in the U.S.
manufacturing sector slowed down in the 1940s and 1950s after industrialization had
expanded, high-knowledge engineering jobs, closely tied to the manufacturing sector
declined between 2000 and 2010 as well (Rothwell, 2013). However, what happens with
MTI Company and other manufacturing enterprises when demand for high skilled
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workers cannot be filled? While there is demand in specialized sectors of the U.S.
industry, do manufacturing jobs go begging because manufacturing is seen by students
and their parents as a poorly paying industry that doesn’t have a healthy long-term
future? Professor Vonortas from George Washington University would say that the
issue is not about the lack of students and because there is a lack of hard evidence,
graduating more students is not the answer to sustain U.S. manufacturing (Charette,
2012). Based on these observations, increasing STEM education will not necessarily
solve the employment problem (Shierholz, 2014).
Markets indicators
The picture of STEM workforce shortages. Defining the insufficiency of STEM
workforce is a matter of interpretation and remains very much dependent upon agreeing
on a common analytical framework. Not only the STEM workforce may not be uniform
across the regions, it may also depend on the type of industry and how the adequacy of
science and engineering workforce is viewed from policymakers and industry leaders. At
the same time, an increasing number of STEM graduates have elected to work in nonSTEM career fields because of greater prospects and earnings. The diversion into nonSTEM fields, yet not unique to STEM indicates a persistence of 56 percent immediately
after graduation and 46 percent 10 years later based on data from the Baccalaureate and
Beyond Longitudinal Study (B&B) survey, NCES, 1993/2003 (Carnevale et al., 2011).
Other data from the U.S. department of Education NCES regarding degree attainment and
persistence in STEM fields indicated that students entering a STEM field during their
first year of enrollment switched out of engineering and engineering technologies (23
percent); computer and information sciences (20 percent); and mathematics (32 percent)
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(Chen & Weko, 2009) 8. That said, the Business Higher Education Forum (2011) reported
slightly different percentages based on these data such as 35 percent in computer and
information sciences and 31 percent in engineering and engineering technologies. These
data raise different concerns in that they not only relate to the interest and persistence in
STEM fields, they indicate how the United States could address the capacity for STEM
personnel. First, a sufficient number of STEM literate workers could help drive
innovation. Second, a sufficient number of STEM specialists and teachers could help to
remedy the departure of workers into retirements. Third, building a capacity in STEM
personnel could align with the increasing shift of a demographic distribution in women
and underrepresented minorities.
Teitelbaum (2003) sees several reasons that can deter U.S. students from pursuing
a career in science such as post-doctoral work, tenure promotion, family life and attaining
an independent scientific experience much later in life. Besides financial aid and more
extraneous cost of studies in science curricula, for example, in the field of biochemistry,
Teitelbaum (2003) speaks of ‘opportunity costs’ or the long years when a student
foregoes earnings compared to non-STEM fields to which more students seem to rally to.
Another critical area of study is biomedical research. Although, it is a prominent field of
science and most heavily financed, it is the least attractive career prospect along with
relatively low demand and wages (Teitelbaum, 2014b). While these limitations take away
the attractiveness to science and engineering fields to draw in talents, students from
8

“This group includes students who had obtained one or more degrees only in non-STEM
fields and were last enrolled in a non-STEM field as of 2001, or those who had not yet
attained a degree and were enrolled in a non-STEM field in 2001” (Chen & Weko, 2009,
p. 12, Table 6)
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China and India, for example, are actively recruited and subsidized as graduate students
in science PhD programs.
Wages are lagging behind. In times of a weak labor market caused by a skill
mismatch, it is likely that overly qualified workers are hired at a much lower wage than
their academic worth. Based on data analysis from the Current Population Survey,
Shierholz (2014) retrieved no indication of a wage increase indicating a shortage of
STEM supply9. Similarly, Hira (2010) notes that STEM salary growth has not been
competitive compared to other occupations. With a salary growth of approximately 6
percent between 1995 and 2005, there is no strong indication of an unbalanced supply
and demand at the aggregate level, therefore not supporting that STEM workers are
persistently in short supply (Shierholz, 2014). Because salary trends are not identical
from one STEM field to another, it is essential to break down data for analysis, which can
support the need of more targeted policies (Hira, 2010). Despite the rhetoric of STEM
shortages in computer-related and mathematical occupations, for example, Costa (2012)
indicates that wages increased by $1.97 between 2000 and 2011 ($39.24 in 2012 dollars)
for workers with at least a bachelor’s degree or in other words to an average wage
increase of less than half a percent per year (Figure 11). Looking back to the early years
of the twentieth century, Goldin and Katz (2007) note that the narrowing in wage
distribution based on the education level had been the most substantial from the late
1910s to the early 1950s. Technology has triggered the transformation of the supply and
demand relationship by increasing demand for skilled and educated workers. It has also
9

Heidi Shierholz is the Chief Economist to the U.S. Secretary of Labor Thomas Perez.
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determined who received “the fruits of growth” (Goldin & Katz, 2007, p. 5).

Figure 11. Average hourly wage in computer and mathematical occupations, workers
with at least a bachelor’s degree, 2000–2011 (2012 dollars). Adapted from “STEM labor
shortage? Microsoft report distorts reality about computing occupations,” by D. Costa,
2012, Education Policy Institute, p. 8.
Source. EPI analysis of Current Population Survey basic monthly microdata.
Since 1980, for individuals without a college degree, the trend has created a
scenario where wages have been either very high or very low. This job polarization has
created winners and losers from the perspective of economic return to education. At the
same time, technological changes have made the job market more vulnerable, molding
two STEM economies made of 1) professionals, who are “keeping American businesses
on the cutting edge of technological development and deployment” (Rothwell, 2013, p. 3)
and bridging the corporate sector and higher education and 2) tradespeople and
technicians (Toner et al., 2011), who are nonetheless important to American scientific
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and technological innovative endeavors and global competitiveness. In sum, STEM
careers can present risk and uncertainty in their employment, including how so many
STEM occupations can be outsourced or offshored.
Unemployment rates are lower than expected. While Costa (2013) reports on
comments by Microsoft Corporation on the minimal requirement of a bachelor’s degree
in computer science, he points out at flaws like the misleading use of the BLS Occupation
Outlook discussed in Teitelbaum (2003), who sees that proponents of a scientific
shortage manipulate data to support what they believe in that there are too few college
graduates. However, they also intend to claim “the unemployment rate during periods of
full employment for the entire national economy, not for engineers, scientists, or collegeeducated workers in computer occupations” (Costa, 2012, p. 5).
While large corporations lay off thousands of workers throughout 2012, the
number of H-1B visas reached almost 130,000, supporting those employers’ claims of an
existing STEM shortage (U.S. State Department, 2012). Camarota and Zeigler (2014)
refer to similar numbers of new immigrants with STEM degrees, who have settled in the
United States annually even though STEM employment has only grown on an average of
84,000 jobs per year since 2000. Based on these data, Costa (2012) argues that the full
unemployment rate of all workers in computer and mathematical occupations has been
close to 2 percent since 2000 (Figure 12), as opposed to the 4 percent Microsoft has
claimed about college-educated workers. Interestingly, statistical data could be
influenced by the diversity of educational backgrounds that workers in computer-related
occupations have, ranging from graduate degrees, undergraduate and certifications (U.S.
GAO, 1998). Nonetheless, it is still important to account for the distribution on the level
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of education those workers have, which may not disqualified them to perform a
computer-related job without holding a degree in computer science. As the lack of data is
at the core of the rhetoric that there are too few STEM graduates in computer-related
occupations, for example, evidence of data does not always match the political discourse.

Figure 12. Unemployment rates of all workers and workers in computer and
mathematical occupations, 2000–2011 (relative to unemployment rates at full
employment). Adapted from “STEM labor shortage? Microsoft report distorts reality
about computing occupations,” by D. Costa, 2012, Education Policy Institute, p. 6.
Note. Top horizontal shaded bar shows that the unemployment rate of all workers at
cyclical peak (full employment) ranges from 4 percent to 5 percent. Bottom horizontal
dotted line shows that the unemployment rate for workers in computer and mathematical
occupations at cyclical peak is around 2 percent. Vertical shaded bars denote recessions.
Source. Current Population Survey (CPS) public data series, unpublished Bureau of
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Labor Statistics analysis of CPS basic monthly microdata, and EPI analysis of CPS basic
monthly microdata
As Camarota and Zeigler (2014) seek to inform employers and Congress in
reconciling their wants about current employment and wage data, Costa (2012) concludes
that the unemployment rate of 3.4 percent of college-educated workers in computerrelated occupations in 2011 still does not support the belief that there were too few
STEM graduates. Actually, there may be too many experienced STEM workers. Looking
at STEM education from a political lens and how the nature of the STEM labor market is
changing, particularly when employers are leaning more toward ‘on-demand’
employment, it can only fuel the argument for H-1B visa skilled foreign-born workers
(Atkinson et al., 2010). Coincidently, the Information Technology Association of
America (ITAA) did exactly so with the third report in 2000, fueling political support to
expand H-1B visas at 195,000 per year (Teitelbaum, 2003).
The changing demographics. Reflecting on Lazear and Spletzer (2012), the
changing demographics of women and underrepresented minorities, including Blacks and
Hispanics in higher education will inadvertently affect the supply of STEM collegeeducated workers in the United States. Besides improving undergraduate STEM
education and aligning graduate education to today’s workforce, better serving groups
historically underrepresented in STEM fields is also one of the major investment areas of
the America COMPETES Reauthorization Act of 2010.
Looking at the distribution of STEM workers by gender, men represent the
majority of science and engineering graduates with approximately 61 percent compared
to 39 percent for women, based on listed fields of bachelor’s degrees (U.S. Census
93

Bureau, 2013). However, the gender representation as workers in STEM occupation
reveals a greater gap, accounting for 76 percent for men and 24 percent for women,
respectively (Landivar, 2013, Figure 13).

Figure 13. Share of total employment, science and engineering degrees, and STEM
employment by sex. Adapted from “Disparities in STEM employment by sex, race, and
Hispanic origin,” by L. C. Landivar, 2013, American Community Survey Reports, ACS24, p. 24.
Note. In percent. Data based on sample. For information on confidentiality protection,
sampling error, non-sampling error, and definitions, see www.census.gov/acs/www/).
*

With a science or engineering bachelor's degree.

Source. U.S. Census Bureau, 2011 American Community Survey.
More recently, Liana Christin Landivar reiterated in a news release the relatively
low unemployment for STEM graduates, pointing out that they may not all work in a
STEM field (U.S. Census Bureau, 2014). While the proportion of women’s employment
in STEM occupations has been consistently increasing since 1970 at the exception of
computer-related occupations, they remain underrepresented (Landivar, 2013, Figure 14).
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Figure 14. Women’s employment in STEM occupations: 1970 to 2011. Adapted from
“Disparities in STEM employment by sex, race, and Hispanic origin,” by L. C. Landivar,
2013, American Community Survey Reports, ACS-24, p. 6.
Note. Data based on sample. For information on condentiality protection, sampling error,
nonsampling error, and definitions, see www.census.gov/acs/www/
Source. U.S. Census Bureau, 1970, 1980, 1990, and 2000 decennial censuses and 2011
American Community Survey.
The distribution of STEM workers can also examined by race and ethnicity,
where the Asian population has increased and the White population has decreased in the
last two decades (NSF, 2014b). However, Black and Hispanic populations have not
changed very much with the exception of Hispanics, whose representation has increased
by a mere 2.3 percent since 1993 (NSF, 2014b). In short, Blacks and Hispanics accounted
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for nearly 10 percent of science and engineering occupations in 2010 (NSF, 2014b, Table
3).
Table 3
Distribution of Workers in S&E Occupations, by Race and Ethnicity: 1993–2010
(Percent)

Note 1: Adapted from “Science and engineering indicators. Science and engineering labor
force,” by National Science Foundation, 2014, p. 3-48.
Note 2. Before 2003, respondents could not classify themselves in more than one racial
and ethnic category. Before 2003, Asian included Native Hawaiian and Other Pacific
Islander. Hispanic may be any race. American Indian or Alaska Native, Asian, black or
African American, Native Hawaiian or Other Pacific Islander, white, and more than one
race refer to individuals who are not of Hispanic origin.
Source: National Science Foundation (2014b, p. 3-48, Table 3-23), National Center for
Science and Engineering Statistics, Scientists and Engineers Statistical Data System
(SESTAT) (1993–2010), http://sestat.nsf.gov
Compared to Whites, Blacks and Hispanics account for about 6.5 percent of the
STEM workforce, while Whites make nearly 71 percent (Landivar, 2013, Figure 15).
Despite these large disparities in numbers, the share of women and underrepresented
minorities in STEM workforce may likely continue. As the supply side appears to be the
most popular, Teitelbaum (2003) notes there are other factors that come into play such as
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retirement and with those demographics changes, part-time appointments have created a
greater number of highly educated job applicants, including newly minted PhDs.

Figure 15. Racial and ethnic representation in the STEM workforce. Adapted from
“Disparities in STEM employment by sex, race, and Hispanic origin,” by L. C. Landivar,
2013, American Community Survey Reports, ACS-24, p. 16.
Note. Native Hawaiian or Other Pacic Islander alone was combined with Some Other
Race because of a small number of sample observations. In percent. Data based on
sample. For information on condentiality protection, sampling error, nonsampling error,
and definitions, see www.census.gov/acs/www/
Source: U.S. Census Bureau, 2011 American Community Survey.
Political Framework
Federal government STEM programs. While federal agencies have obligated
large amount of funds for STEM programs, Galama and Hosek (2003) see the status of
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science and engineering infrastructure, education and workforce is not being sustained. In
the area of research, Hira (2010) argues for greater federal research funding for basic
research similar to what the National Academy of Sciences (2007) proposed by
increasing federal investment in long-term basic research by 10 percent per year over the
next seven years, particularly to the Department of Defense (DOD) and to disciplines like
physical sciences, engineering, mathematics, and information sciences, and eventually
including life sciences and the social sciences. In promoting basic research, the creation
of new knowledge presents new opportunities that can also lead to innovative products
and industries that would absorb new graduates (Hira, 2010). Other policy levers can also
provide new expectations for learning opportunities and scholarships in STEM degrees
just the NDEA was meant to do by “strengthen[ing] the national defense and to
encourage and assist in the expansion and improvement of educational programs to meet
critical national needs,” (Public Law 85-864, p. 1581).
As the goals of federal, state and local government policies are to boost STEM
education through many channels like community colleges, universities, for example,
funding allocations are not necessarily done on an even distribution of STEM jobs across
levels of education. Training toward Bachelor’s degree or higher degrees received $1.94
billion, or 45 percent of $4.3 billion allocated to STEM education per year (Rothwell,
2013) for fiscal year 2010. By contrast, the sub-bachelor’s level degree for STEM
education or training received only 22 percent of total federal funding in fiscal year 2012.
Rothwell (2013) responds avidly to the lower proportion of federal money allocated to
the sub-bachelor’s level, which in itself represents half of STEM jobs that do not require
a Bachelor’s degree as identified in the NSTC analysis. While an increase in funding
98

would create a greater university enrollment capacity to eventually stimulate STEM labor
demand, not all STEM occupations require undergraduate degrees or higher. For
example, in the state of Oregon, only 23 percent of green jobs require a Bachelor’s or
advanced degree (Oregon Employment Department, 2012, p. 10). Along those lines,
Rothwell and Ruiz (2013) observe that about 25 percent of H-1B visa requests for STEM
occupations are commonly staffed by people with only an Associate’s degree. At the
same time, the cost of education in STEM programs at colleges and universities, as
shown in Figure 16, tends to often be the most expensive (American Institutes for
Research, 2013) with the exception of a few applied and liberal arts fields.
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Figure 16. Full attribution cost—education and related spending per undergraduate
completion at public four-year institutions, by discipline, 2009. Adapted from “How
much does it cost institutions to produce STEM degrees?,” by American Institutes for
Research, Center for STEM education & innovation, 2013, p. 2.
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This raises the question how the differential tuition practice since the 1980s is
likely to be sustainable based on the argument to alleviate the cost of production
associated with STEM-related majors. Jaschik (2013) sees that it tends to be more
directed to programs like engineering and nursing. The realization that the U.S. economy
can be strengthened to the extent that federal government funding provides for the
development of a strong and educated workforce able to compete with other nations is
essential, however it will be harder to assert of those needs when reliable and consistent
data are lacking in order to clearly identify and quantify STEM jobs.
The immigration of STEM workers. Hira (2010) notes that legislators are
focusing persistently on the lack of supply while immigration policies need to allow for
more foreign workers. Just as Salzman (2013) referred to the entanglement between the
labor policy and the immigration policy, he also speaks of the ‘push’ and ‘pull’ drivers of
immigration, but in a slightly different way Hira (2010) does, who points out at “the
burgeoning opportunities for STEM workers in India and China” (p. 957), which could
greatly affect the flow of STEM workers that the United States has been increasingly
depending on to drive its economic strength in absorbing and creating new technologies.
Galama and Hosek (2008) state that the proportion of non-U.S. citizens with a bachelor’s
degree and above nearly doubled between 1994 and 2006, reaching almost a 13-percent
share of the science and engineering workforce (Figure 17).
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Figure 17. Percentage of non-U.S. citizens (bachelor’s degree or higher). Adapted from
“U.S. competitiveness in science and engineering,” by T. Galama and J. Hosek, 2008,
RAND Corporation, MG674-3.20, p. 101.
Source: RAND analysis of Current Population Survey data
At the same time, the cost of post-secondary education in the United States is
“nearly double the amount per student—than the average of other industrialized
countries” (Galama & Hosek, 2003, p. 2). It is nonetheless unclear whether it could
indicate potential weaknesses in the fundamentals of science and technology education
and workforce in the United States. However, it raises the question whether other
industrialized countries have to meet all assessment and accountability requirements that
increase the cost of education. In the U.S. education system, student support and remedial
education, for example, are other factors that drive the cost of education up.
At the same time, Costa (2013) sees that Microsoft Corporation has gone forward
to suggesting having a greater number of temporary and permanent STEM workers in the
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United States because of too few college graduates and with the understanding that only
employees with a bachelor’s degree in computer science qualify for work in computerrelated occupations. In 2012, there were 5.3 million STEM workers (Figure 18),
including both immigrants and U.S. natives—a one-million increase in 12 years
(Camarota & Zeigler, 2014).

Figure 18. Growth in STEM employment 2000 to 2012. Adapted from “Is there a STEM
worker shortage? A look at employment and wages in science, technology, engineering,
and math,” by S. A. Camarota and K. Zeigler, 2014, Center for Immigration Studies, p.4.
Source. Public-use files of the 2000-2012 American Community Surveys. STEM
employment is confined to those with a bachelor’s degree or higher employed in a STEM
field.
Data were reported by the U.S. State Department (2012), which Costa (2012) has
seen as the supporting argument that proponents of STEM shortage like Microsoft is
using. Still, the total STEM employment growth has only accounted to 53.6 percent
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(84,000) each year since 2000 and yet the number of new immigrants with STEM
degrees admitted each year (129,000 on average a year between 2007 and mid-2012) has
been exceeding that percentage10 according to the American Community Survey (ACS)
while U.S.-born STEM graduates account to 115,000 a year (Camarota & Zeigler, 2014).
Therefore, while it seems apparent that “most new immigrants with STEM degrees are
not finding STEM jobs” (Camarota & Zeigler, 2014, p. 5), it is nonetheless surprising
when looking at the share of degree holders working in and out of their fields as indicated
in Table 4 that “the share of immigrant engineers holding an engineering job is actually
lower than natives — 23 vs. 34 percent” (Camarota & Zeigler, 2014, p. 9) despite beliefs.

10

That said, it makes one ponder the question “why this particular market [today]
requires extraordinary measures and why there would be a shortage while all the usual
indicators point out that’s just to get cheap labor” (H. Salzman, personal communication,
September 29, 2015)
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Table 4
Share of Degree Holders Working in and out of their Fields

Note. Adapted from “Is there a STEM worker shortage? A look at employment and
wages in science, technology, engineering, and math,” by S. A. Camarota and K. Zeigler,
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2014, Center for Immigration Studies, p.8.
Source: Public-use files of the 2012 American Community Survey. Analysis confined to
those with a bachelor’s degree or higher.
The power of lobbying. While lobbyists advocate for more graduates, Camarota
and Zeigler (2014) point out that “it would be a mistake to think that the supply of STEM
workers is limited only to those who have a STEM degree” (p. 10), considering that the
proportion of those working in STEM occupations without STEM degrees is 85 percent
native-born and 31 percent of all STEM workers do not hold an undergraduate degree in
STEM (Figure 19).

Figure 19. STEM jobs distribution and the question of degree specificity by native and
immigrant. Adapted from “Is there a STEM worker shortage? A look at employment and
wages in science, technology, engineering, and math,” by S. A. Camarota and K. Zeigler,
2014, Center for Immigration Studies, p.10.
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Source: Public-use files of the 2012 American Community Survey. Analysis confined to
those with a bachelor’s degree or higher.
With this in mind, Microsoft (2012) has had an easy fix by having Congress
allocate 20,000 visas a year to match the alleged shortage of STEM skills and at the same
time have employers contribute financially to the development of the American STEM
pipeline to obtain new visas and green cards in return. Subsequently, the federal
government could raise $5 billion over ten years should employers charge $10,000 for
each new STEM H-1B visa and $15,000 for each new STEM green card (Microsoft,
2012), while alluding to a philanthropic-style distribution of funds to states where STEM
education is not as well supported.
In a sense, shortage of STEM workforce is not a new phenomenon and the push
by CEOs in lobbying Congress for importing guest workers is still happening. Kuenzi
(2008) had already noted how federal STEM education programs tend to incentivize
careers in STEM fields at the graduate and postdoctoral levels. The report by National
Academy of Sciences (2007) includes a similar language directed toward H-1B workers
with the preferential immigration quality that a “doctoral-level education and science and
engineering skills would substantially raise an applicant’s chances and priority in
obtaining U.S. citizenship” (p. 9). Nonetheless, fewer U.S. citizens or permanent
residents earned STEM doctoral degrees between 1998 and 2005, just over 13 percent
(AIR, 2013), while the underrepresented populations increased slightly by only 15
percent (National Science Foundation, 2008). These data present another mean to fuel the
need for H-1B visa skilled foreign-born scientists and engineers.
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There is a lack of evidence despite current beliefs. Despite decades of federal
investments in STEM education, the inadequate evaluation processes of these
investments presents an obstacle to collect data to adequately assess long-term student
outcomes; the lack of coordination among STEM program and agencies is one additional
barrier to evaluate the effectiveness of intended STEM education programs (U.S.
Department of Education, 2007). Carnevale et al. (2011) state that, “What is really at
stake in the current debate over the existence of quantifiable STEM shortages is an
important question regarding a national strategy for sustaining economic innovation in
the United States” (p.7).
While STEM contributes greatly to the nation’s economic growth, national
security and the like (Kelly, Butz, Carroll, Adamson, & Bloom, 2004), Teitelbaum
(2014a, 2014b) reiterates the lack of evidence to support the current belief that there are
too few Bachelor’s degrees or higher in science and engineering. However, the need for
these levels of education is not absolute (Rothwell, 2013). Science and engineering
shortages are not clearly justified particularly under the assumption that higher education
produces too many science and engineering graduates and that real wages have remained
flat. However, this is not the case for petroleum engineering, for example, for which
wages have grown, reaching 14.9 percent between 2008-2012 (Camarota & Zeigler,
2014; Salzman, 2013; Sargeant, 2014) after declining in the 1980s and 1990s (Lynn,
Salzman, & Kuehn, 2011). Just as Teitelbaum (2014a, 2014b) argues, these cyclical
periods in history cannot necessarily be reliable indicators to determine labor markets in
science and engineering that fluctuate over time across industries. Information
technology is a very good example of those fluctuating fields that may be affected by
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offshoring, the import of temporary guest workers or rapid technological changes.
However, Carnevale, Cheah, and Strohl (2012) make a point by differentiating
“unemployment [rates] between people who invent computer technology as opposed to
people who use computer technology” (p. 4), which could help explain higher
unemployment for recent college graduates in engineering (7.0 percent), computer
science and mathematics (7.8 percent) and information systems (11.7 percent).
Nonetheless, Teitelbaum (2003) is critical of the claims brought forth by the proponents
of shortage in the public sphere, who undermine the analytical rigor that scientists and
engineers value as professionals. Understandably so, the reference to the 2003 RAND
study noted in Teitelbaum (2003) not only indicates the obsolescence of data referring
back to 1999 or 2000 despite the significant changes during the information technology
boom of the 1990s, it also discredits the rhetoric of labor shortages, which again needs to
account for the heterogeneous nature of STEM made of multiple labor markets and the
like. Still, researchers do not find evidence that supports the current belief of a STEM
labor market shortage, including proving skills mismatches based on unemployment with
data, but again it is important to differentiate the current belief with empirical evidence
(Salzman, 2013; Shierholz, 2014; Teitelbaum, 2014a, 2014b). Also, the lack of evidence
extends to how federal funding expenditures for research and development are divulged,
which could help indicate whether practices and activities in STEM education are
efficient and whether a lag in the performance of science and engineering in the United
States exists (Kuenzi, 2010; Galama & Hosek, 2003). Just as the issue of STEM labor
shortages dates back nearly 70 years, Killian (1964) was himself calling for more
information about manpower utilization so to “[separate our analyses of skills and talents
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from] decisions based on hunches, intuition, or fragmentary data” (p. 24).
The U.S. innovative leadership. Lowell and Salzman (2007) assert that the
workforce shortage in the United States may be an impediment for the country to sustain
its innovation and technological expertise in the global economy. Between 1950 and
2007, the science and engineering workforce has sustained an average annual growth rate
of 6.2% due largely to increased degree production, fewer retirements and an influx of
immigrant science and engineering workers (NSF, 2010). More recent figures show that
between 1960 and 2011, the number of workers in science and engineering occupations
grew at an average annual rate of 3.3 percent (NSF, 2014b). At the same time, the science
and engineering workforce remains nearly the same to approximately 5 million, but it
could also be well over 19 million depending on how science and engineering is defined
or STEM is in other circles. With that in mind, Hagedorn & Pursanamari (2012) posit
that “most of the reports and statistics are too broad of a picture” (p. 147) to clearly
determine whether there is a shortage of STEM. This opinion is further supported by
Lowell and Salzman (2007) who do not see a weak science and engineering labor market
supply. Although their analysis reflects aggregate numbers, Lowell and Salzman (2007)
note that shortages could exist in some specific occupations or industries. This is exactly
what Carnevale et al. (2011) argue, that “the rapid growth of STEM occupations as a
group masks marked differences in growth among particular STEM occupations” (p. 19),
reiterating the adequacy of science and engineering graduates. However, it makes one
wonder how an adequate representation of science and engineering graduates could
impact the capacity for the U.S. to innovate within a global market.
Essentially, the U.S. innovative leadership in science and technology should not
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be taken for granted, which would align with the need to increase enrollments in STEM
education programs, for example, to boost the supply of STEM workers. However, the
belief that there is a need to increase enrollment in STEM education is a bit more
complicated to explain, particularly when Atkinson et al. (2010) describe it as a means to
incentivize innovative policies that could pay for themselves. Based on the argument that
the American Competitiveness and Workforce Improvement Act (ACWIA) would
enforce a fee based on the number of H-1B visa holders per American company, it
represents a means to an end in that it would generate a revenue stream of $73 million
based on the current annual cap of 65,000 H-1B visas in the United States. Although the
number of STEM doctoral degrees has declined by 13 percent between 1998 and 2005
(Poirier, Tanenbaum, Storey, Kirshstein, & Rodriguez, 2009), Atkinson et al. (2010) do
not seem confident the United States could meet its high skilled STEM needs, therefore
they advocate for the provision of highly-skilled foreign graduates, who could help boost
the American innovation and competiveness. Although the report by NAS (2007)
indicates a strong sense of national pride, it nonetheless asserts that the United States
needs to not be complacent and resume its commitments to education, research and
innovation policies.
Summary
Scientists and researchers are at the core of the knowledge economy. The beliefs
that the United States can sustain its competitive edge within the global marketplace have
raised many challenges for higher education as the current political discourse is to
produce more STEM workers. However, it is wonder if graduating more STEM workers
would stimulate labor demand and solve the unemployment crisis (Shierholz, 2014).
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Although this phenomenon is not new –it dates back to the Cold War– the push by
corporations supported by industry and lobbyists, for example, seems to focus mainly on
the mythic supply side and may not necessarily account for the time to train up-to-date
skilled workers to match industry demand in light of rapid economic and technological
developments. Besides the heterogeneous nature of STEM fields, it seems that the shortterm solution is to import guest workers and at the same time boost enrollments in STEM
education programs to remedy the STEM labor shortage in the United States, discounting
any future repercussion on new graduates. These claims could also produce an adverse
effect and deter people away from being inspired to becoming scientists. It forces us to
ask how this approach could help sustain higher education in generating human capital
and the American economic innovation in meeting the long-term needs for high-skilled
STEM workers. Although, many scientists in the history of the United States have been
foreign-born (Reingold, 1979), there is nonetheless a lack of evidence today supporting a
political discourse that a STEM shortage exists and that the United States must import
more H-1B workers despite decades of federal investments in STEM education.
Conclusion
The rhetoric of STEM workforce shortages in the United States has a direct
impact on scientific and technological innovation and education. Reflecting on
Teitelbaum (2014a, 2014b), who demonstrates how workforce shortages in science and
engineering had been claimed to be critical, intermittently since World War II, the
discourse based on economic principles of supply and demand remains true despite the
fact that the focus tends to be more on the production of supply, fueled from educational
systems. As federal investments in STEM programs and initiatives aim to expand a
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STEM talent pool in the United States, it remains to see whether STEM education is well
connected with the demand of a high-skilled STEM workforce in different sectors of the
American economy. Historically speaking, Australia has not had as strong of ties with
industry compared to the United States and Germany has been known for its
Fachhochschulen, which are more closely integrated with professional occupations and
the needs of industry. Although fewer investments are allocated to higher education
systems and research initiative in Australia and Germany compared to the United States,
“the ultimate test of the success of STEM [or MINT] policies is whether or not the
education and training systems produce enough skilled people to meet future overall
labour force needs” (Dobson, 2015, p. 10). In sum, the issues at stake are whether
sufficient information about future vacancies is made available to best assess demand and
the adequacy of the supply.
More recent reports have demonstrated that the U.S. is falling behind and losing
its edge in science and technology, yet it forces us to ask what it means and if the
rhetoric reflects the real situation. At the same time, the situation of science and
technology in Australia and Germany and how those two countries can serve as a frame
of reference to best identify what the discourse is about once placed in the global setting
may help provide some perspectives about the situation in the United States. As Killian
(1964) had made the point that from the perspective of “a research-reliant society”, the
interrelation between science and government remains important, and just as
governmental funding contributed to the NDEA to better science, mathematics and
technology educational programs, it remains essential that the United States has a clear
vision for STEM education and a cohesive and consistent understanding of what STEM
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means when articulated in a federal policy discourse.
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CHAPTER V
CRITICAL REVIEW OF THE STEM SHORTAGE DISCOURSE
IN AUSTRALIA AND GERMANY
This chapter includes the major elements that place both Australia and Germany
as frames of reference in the study. The terms of reference provide a general
understanding of the rhetoric of STEM (MINT or Mathematics, Information Technology,
Natural Sciences, and Technology) shortages in both countries, and describe how the
rhetoric (or narrative) about STEM (or MINT) in higher education come into play within
the social and economic context of each country.
In light of the current rhetoric of shortages of STEM workers in the United States,
a relatively similar situation exists in both Australia and Germany. The rhetoric that
surrounds skills shortages in STEM or MINT fields in Australia and Germany,
respectively, are seen as growing concerns, marked by the lack of adequate qualifications
and the need for education to focus more on the sciences. In both instances, the
innovative workforce and adaptive capacity generated by those areas of expertise are a
priority to guarantee a future economic prosperity in the competitive global knowledge
economy.
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Australia
Introduction
The creation of the Australian National University as a research institute in 1946
had marked an important step in Australia’s history as a contributor to the world’s
knowledge. Despite the weak support by the business sector investors in higher education
and research, Australia ranks as the third largest exporter of higher education after the
United States and the UK (Marginson, 2003). Beyond the commitment toward education
and training, Australia seeks to position itself on the global stage to compete in the
emerging economy and for that, it will need to be a leader in the formation of an AsianArea Research Zone (Office of the Chief Scientist, 2014). Needless to say, Australia
recognizes that government funding of science, mathematics and engineering education is
a key priority for the nation’s future (Office of the Chief Scientist, 2012a).
In the mid-1980s, the Australian government had begun to focus on
microeconomic reforms, particularly by stimulating knowledge intensive exports. It is
then that education, training and research regained policy interest. With the proximity of
the South Asian market, Australia holds a significant advantage for business in that part
of the world. However, the national drive to operate internationally necessitates a strong
human capital in STEM skills. However, political debates and industry groups are
expressing the difficulty to recruit qualified STEM labor. They have also engendered
tensions in Australia around the immigrant labor force, when claims about STEM
shortages may not always be substantiated empirically, or may not account for the
development of graduates and their integration of new entrants into the STEM workforce.
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Placing STEM in Context
As indicated in the Office of the Chief Scientist (2013), the Australian
Government foresees a different Australia by 2025, where STEM would play a major role
in addressing the nation’s economic and social dimensions, at least. Australia wants to
expand its capacity to increase knowledge and skills in the global economy. Marginson et
al. (2013) argue that “Australia is relatively strong in participation in the sciences but
weak in mathematics and engineering” (p. 17), with “a large workforce in health services
and a small workforce in manufacturing and the engineering profession” (p. 30). With
that said, Panizzon, Corrigan, Forgasz, and Hopkins (2015) reflect on how ambiguous the
delineation of STEM is in Australia. At the same time, Benderly (2015) reflects on what
Deborah Corrigan, associate professor at Monash University says about the definition of
STEM and how flexible the definition can be adapted to serve one’s political agenda.
In another instance, and while mathematics and basic sciences may be
foundational knowledge to several STEM-based occupations, including health and other
applied life sciences (Marginson et al., 2013), these occupations are part of the STEM
definition. Although it would be important to agree on a definition of STEM in order to
compare STEM skills shortages on a commonly understood framework. Panizzon et al.
(2015) state that “the inclusion or exclusion of medicine and the health sciences in the
field of STEM varies in Australia” (p. 72). The same would apply with non-university
pathway STEM professions, such as vocational level qualifications (AiGroup, 2015;
Panizzon et al., 2015). With respect to the definition of STEM proposed in Chapter IV on
the United States, Healy, Mavromaras, and Zhu (2012) defines a ‘STEM-qualified'
person, one who holds a Bachelor Degree level or higher in one of the [following fields:
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natural and physical sciences, information technology, and engineering and related
technologies]" (p. 2).
In 2010, a new Skills Occupation List (SOL) was developed by the Skills
Australia, now known as the Australian Workforce and Productivity Agency (AWPA),
located in the Department of Industry. The SOL was created for the Commonwealth
government’s Department of Immigration and Citizenship General Skilled Migration
Programme. Although the SOL is supposed to identify skills confined to occupations that
are in a short supply nationwide, occupations like accountants and IT professionals are
still on the list despite being in oversupply (Birrell & Healy, 2014). Inconsistencies in the
delineation of STEM occupations occur with the type of discipline, as they do with the
type of education as well. Surprisingly, technology is not included in the secondary
education sector, which includes mathematics, physics, biology, chemistry, geology and
earth science (Panizzon et al., 2015). At the university sector, health professions (i.e.,
medicine and nursing), architecture, agriculture, and computing may be added to the list
in the secondary sector (Panizzon et al., 2015).
While it is important to point out how common those inconsistencies are,
including the degree level in reports from the United States, they hinder the reliability
and substantiation of statistical reports to appreciate and compare what is happening
about STEM shortages. Panizzon et al. (2015) assert that “unless the specific areas of
need are clearly communicated to the populace and stakeholders, the government and
industry rhetoric that there is a shortage across the board does little to address any ‘real’
gaps that very likely exist in the STEM workforce” (p. 73). With that said, Richardson
(2007) sees that “it is in the interest of [unions and employers] to exaggerate the problem
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of shortage” (p. 27).
Major Tenets
How is the discourse framed? In essence, the STEM policy framework revolves
around the economic principles of supply and demand. While new STEM graduates must
increasingly compete with professional migrants sponsored by employers under the 457
visa program, Birrell (2015) sees that the problem is not so much about science and
engineering as it is with IT. As Australia aims to be more competitive globally, including
in hi-tech fields, the Coalition Government is not addressing the pressing needs to create
high value-added companies in Australia, making it very difficult for the nation to
compete with hi-tech giants on the global stage, given that Australia only has a very small
corporate base (Birrell, 2015). Nonetheless, there are differences in opinion that are
disputed by researchers, governmental entities, university leaders, and industry as to
whether shortages in STEM workers exist, particularly as the immigration policy plays
out an important role in providing a cheaper labor in IT, for example. With that said, the
Department of Employment reported in 2014 that there was no shortage of IT
professionals in Australia.
Professor Brian P Schmidt FAA, who was awarded the 2011 Nobel Prize in
Physics jointly with Adam Riess and Saul Perlmutter, argues that Australia needs to grow
a new sort of business landscape able to compete with hi-tech giants on the global stage
(Birrell, 2015). In Rahn (2013), Professor Brian P Schmidt FAA says:
Part of Australia continuing to succeed in the rapidly evolving world of
science and technology is looking beyond our borders to work
cooperatively with colleagues overseas. Increasing our overseas linkages
allows Australians to augment their knowledge and skills to help make
Australia even more competitive on the world stage. (p. 12)
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This vision seems sensible, given that Australia still does not have a coherent
national strategy to establish a constructive STEM framework (Braue, 2015; Marginson
et al., 2013), which would help concretize the agenda set forth by the Office of the Chief
Scientist. In April 2015, the federal government expressed that it has committed to do so
(Monto, 2015). Arguably, STEM had already been firmly placed on the political agenda
by Professor Ian Chubb, Australia’s Chief Scientist, as reported in the Health of
Australian Science (Office of the Chief Scientist, 2012a). More specifically, the chief
scientist released his recommendations for a strategy in science and technology in
September 2014. Nevertheless, funding of the Australia’s national science agency, the
CSIRO has been reduced by the Coalition in the past two years as well as its universityindustry program (Monto, 2015). While the CSIRO, that supports education and outreach
programs, in part will be getting AUS $70 million over ten years to support starts-ups
(CSIRO, 2015), it may explain why the Coalition Government sees that “the best thing it
can do for Australian enterprises is to reduce government intervention (as with red tape
and restrictive environmental and labour market rules)” (Birrell, 2015, para 23). Despite
the cuts in Australian scientific research, the Australian Academy of Science (2015)
clearly states that it is a must to invest for more tertiary education and training in STEM
in order to ensure Australia’s economic and social prosperity.
In sum, “adopting technological innovation to develop high-value products and
services for a global market” (Bell et al., p. 34) will be an essential step for Australia to
take. The emergence of Asia as a global innovation hub has created the thrust for
Australia’s STEM economic policy agenda to lift the general quality of the supply of
human capital (ACOLA, 2013a; Marginson et al., 2013) to respond more effectively to
120

the large investment Asia is making on STEM training, particularly in the engineering
and IT fields (Birrell, 2015).
Economic concepts.
Supply. In Marginson et al. (2013), the intent had been to produce possible
lessons and ideas for STEM policy and strategy in Australia. The body of the work
comprises a wealth of data derived from 23 specific reports. By and large, the consultants
did not indicate conditions of a general shortage in the Australian STEM labor market.
Although there are ‘episodic’ shortages, such as in engineering and computing
(Marginson et al., 2013), there are no clear indications of the specific areas in need. The
Australian Government, Department of Employment (2015) reports that “shortages of
technicians and trades workers are more prevalent than those for professionals” (p. 1;
Figure 20).

Figure 20. Proportions of assessed occupations in shortage, Australia, 2007 to 2015 (%).
Adapted from “Skills shortages –Statistical summary,” by Australian Government,
Department of Employment, 2015, p. 2.
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Source: Department of Employment, skill shortage research, based on a set of around 80
assessed occupations.
Along the same lines, Benderly (2015) reports on confusing data, when it can
sometimes be difficult to account for changing conditions such as the representation of
STEM subjects studied at a particular level. For example, studying a double major is not
unusual; however, to clearly determine which degree is recorded can be problematic in
survey data. Birrell (2015) states that “at [the] university level,…data [are] almost
impossible to gather” (para 2). STEM skills can be used in a variety of occupational
sectors. In 2010-2011, it was estimated that 2.1 million workers in Australia had STEM
qualifications (Australian Bureau of Labor Statistics, 2014). More specifically, the
number of STEM qualified individuals with Bachelor Degree or higher in Australia in
2011 was 651,000. Of the total Australian workforce, people with STEM qualifications
accounted for 18 per cent (Bell et al., 2014). By excluding health sciences from that
group, it would lower the number of STEM qualified individuals by 20 percent.
In a sense, the situation is not any different for Australia as it is for the United
States. The adaptability and transferability of STEM competencies to non-STEM is well
known for several reasons, and for a relative part, economics (Marginson et al, 2013,
Carnevale, et al., 2011). Another cause of skills shortages is attractiveness to STEM
fields and how several factors can push new graduates away, particularly when
professional migrants are hired in place of new entrants for a lower wage. In line with the
inconsistencies Panizzon et al. (2015) are referring to and how these are portrayed across
the political landscape, Bell et al. (2014) note that some of the difficulties, businesses
have had to recruit Information Communications Technology (ICT) specialists may
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coincide with the drastic decline in domestic IT undergraduate enrolments since the peak
in 2002 at 37,000 compared to the low of about 19,000 in 2008. The decline has slightly
recovered since 2008, yet the Department of Education (2015) for the first half year
indicates a lower number (0.4 per cent) in commencing students in IT, compared to the
2014 first half year.
Demand. Most often, the rhetoric about STEM shortages revolves around the lack
of supply rather than the lack of demand. For example, the need to lift the supply of
human capital is a clear imperative (ACOLA, 2013). While the lack of demand can be
assessed from the perspective of skills mismatch, the deployment and utilization of
STEM graduates’ human capital by industry is not readily apparent from the data
(Marginson et al., 2013). Marginson et al. (2013) see that “the manner in which, and the
extent to which, graduates’ human capital is utilised at work, industry by industry, in the
short- and long-term – remain largely a ‘black box’ for research” (p. 126). With that said,
Australia would need to better collect information about “the uses of STEM knowledge
and qualifications in Australian labour markets…. [and] description of the STEM-trained
workforce in teaching than the census data provide” (Marginson et al., 2013, p. 133).
Market indicators.
Wages and unemployment rates. While the shortage of STEM skilled workers is
raising concerns about the prosperity and competitiveness of Australia in an emerging
global economy, STEM skills are in demand in several other sectors of the economy.
Essentially, agreeing on a common definition of STEM must be taken into account in the
reporting of data, whether to be inclusive or exclusive of certain occupations. In short, the
drive to increase levels of education seems to be a response to meeting demand for
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STEM skills and expertise in fast growing occupations and emerging industries (Bell et
al., 2014). Associated with STEM skilled workers, who choose non-STEM employment
because of higher wages, other skills may certainly apply, known as ‘soft skills’
(Cappelli, 2015) or “general business skills” (Bell et al., 2014).
It is common currency that wages increases are an important measure of
labor demand. Interestingly, the full-time mean weekly earnings in main jobs – and in
this case Engineering, ICT and Science Technicians – exceeded (16.7 per cent), the
national average, (15.9 per cent) between 2007 and 2011. However, ICT professionals
showed a percentage change of only 9.2 per cent for the same period (Healy et al., 2012).
Although Bell et al. (2014) note that these data may have suggested that there was no
systemic shortage in those skill sets, the aggregation of data could affect results,
highlighting the challenge of conflicting data. Coincidentally, this period tends to
correspond to the drastic reduction in domestic students studying ICT (Bell, et al., 2014),
but also corresponding to when the SOL was developed. Panizzon et al. (2013) confirm
lower salary levels and vacancy rates for those professional occupations as well, except
for mathematics. More recent data by the Australian Bureau of Statistics (2015) show that
average weekly ordinary time earnings for full-time adults in information media and
telecommunications were almost similar to earnings of professional, scientific and
technical services. However, there are greater differences when comparing earnings
between genders. Data show that earnings for males and females in information media
and telecommunications vary from AUS $1,853 to AUS $1.459, respectively. Even more
so, for professional, scientific and technical services, earnings vary from AUS $1,939 to
AUS $1.465 (Australian Bureau of Statistics, 2015).
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Similar to the United States, Marginson et al. (2013) see how non-STEM
employment could have some implications for Australia, in that the opportunities STEM
competencies can offer and how they can be used are not limited to STEM occupations
only. Within this process of diversion, STEM skills can extend to other fields, but it is to
wonder how it will play out for Australia’s STEM labor market, where declines in the
participation in mathematics and science appear to already be a concern for the
government and the industry. Putting two and two together, it could lead to imagining a
shortage in the available workforce with STEM-related competencies, sometime
(Marginson et al., 2013). The analysis by Li and Miller (2013) based on data from
Graduate Destination Surveys from 1999 to 2009, completed by recent university
graduates shows that “natural and physical science graduates … earn[ed] about 5-6 per
cent less than their peers who studied management and commerce” (p. 22).
In terms of unemployment rates, results from an analysis of 2011 data from the
Australian Census indicated high employment rates (81 per cent) for STEM graduates or
a relatively low unemployment rate (4 per cent) compared to graduates from most other
disciplines (Marginson et al., 2013). Similar data were reported by Bell et al. (2014).
Demographics. This is a workforce issue of common concern in Australia, and
the role of women in STEM workforce in Australia remains a problem. Their
participation, along with under-represented populations and even seniors, could be a
driver of innovation. The STEM-qualified population is much more male-dominated and
even more so in engineering and related technologies (92 per cent) and information
technology (75 per cent), while the representation of women is greater in non-STEM
fields (60 per cent) (Australian Bureau of Statistics, 2014). At the tertiary level in
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Australia, men outnumber women in mathematics, statistics, sciences (particularly
physics), engineering, manufacturing, construction and computing (Marginson et al,
2013, p. 136), while women are over-represented in health disciplines (almost 80 per
cent) (Freeman, 2015).
Political Framework
Industry. When a shortage of skills is likely to hamper the quality of the
workforce that companies depend on for productivity (Richardson, 2007), effectiveness
of training in the workplace is critical to ensure that companies have a capable workforce.
In light of a shortage of skilled labor, the SOL appears to purposefully meet the medium
to long-term skill needs of the Australian economy (Australian Government, Department
of Education and Training, 2016). While the industry can benefit from skilled migrants,
employers are inevitably resistant to train since they can recruit highly employable skilled
workers from abroad, particularly through the 457 Visa Program and not have to train
graduates. However, what appears to be convenient for industries could be damaging to
sustain Australia’s STEM workforce. In light of the ICT work being relatively universal
around the world and the added value it brings to the Australian economy, it is to wonder
what would happen if the migrant labor were to decide to work elsewhere for greater
opportunities. Besides, what happens to the domestic labor, including women and underrepresented populations, and where are the incentives for Australian students, including
low socio-economic status students, to study STEM disciplines?
Lastly, under the Dawkins government, the plan had been to increase universityindustry partnerships to build stronger ties with businesses and to become more
prominent in a national innovation policy. To that effect, Minister of Education
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Christopher Pyne announced the funding of 252 new research projects in July 2015 (AUS
$86.9 million) (Australian Government, Australian Research Council, 2015). It is a
positive initiative since collaborative partnerships between businesses, universities and
government in Australia has ranked low amongst OECD nations.
Immigration. While the rhetoric could sometime resemble a political game in the
United States and when claims are made for lower wages and more visas for foreign
workers (Anft, 2013), “there is an imperative for industry [in Australia] to demonstrate
they cannot get workers locally before visas can be approved” (Benderly, 2015, para 6).
In reality, the Australian Government has chosen to maximize the nation’s growth
potential by attracting more STEM graduates to the Australian labor market and not cap
the number of 457 visas issued to IT professionals and managers, for example, (Birrell,
2015). Between 2013 and 2014, 8,482 visas were issued to primary applicants under the
457 program (Birrell, 2015).
Similar to the United States and Germany, offshoring companies for IT workers
operate just the same in Australia. Global information technology consulting companies
such as Cognizant, Tata and Infosys, for example, operate in those nations. Infosys
partners with General Electric. Greythorn is another staffing agency that serves
healthcare IT and big data industries. With that said, news reports question the reliance of
ICT immigrant workers, who are serving as currencies, answering the short-term skills
gap in the technology ‘global game’ and ‘war for talent’ (Aynsley, 2015, para 14).
Programs, participation and STEM in society. Similar to the United States
with the COMPETES Act, for example, many other countries have at least one thing in
common, the need to invest in more teachers of STEM education (Office of the Chief
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Scientist, 2012b). The same debate is true in Australia. However, the report by
Marginson et al. (2013) indicates that the number of mathematics and science teachers
trained each year is unknown; “What is clear is that supply is insufficient” (p. 17). More
of the report indicates a dearth of data on the qualifications of teachers of STEM
(Marginson et al., 2013). This phenomenon is concerning on several levels, because it
hinders the identification and appreciation of the values and roles of education and
training associated with the learning of (new) skills.
The participation of students in STEM fields is one other concern in Australia,
and to make things more complicated, controversial data are being reported about
enrollments in those fields. Panizzon et al. (2015) point out intriguing pieces of evidence
that seem to indicate serious discrepancies between researchers’ studies and government
documents. Arguably, a shortage in STEM skilled workers could impede Australian
employers’ productivity and competitiveness. While there is the widespread belief that
only talented students in STEM disciplines, like science and mathematics, are able to
study those disciplines (Marginson et al., 2013), Panizzon et al. (2015) reflect on the
reports that have been feeding the notion of “the impending demise of industry due to a
‘STEM shortage’ of graduates” (p. 71). Even though STEM is heterogeneous in its nature
and its representation (Freeman, et al., 2015; Xue & Larson, 2015) data on participation
rates do not match. Government reports have led the public to believe on the continuing
declines in enrollments in Year 12, however Panizzon et al. (2015) show that enrollments
for Year 12 science students in Victoria have increased from 2010 to 2012 in all the
sciences. Similarly, other data show that enrollments have not stalled, indicating a 10 per
cent increase in engineering and related technology and a mere one per cent in natural
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and physical sciences between 2009 and 2013 (Birrell, 2015). Justifiably, these years
correspond to “the abolition of domestic full-fee paying undergraduate places”
(Parliament of Australia, 2014) by the Rudd-Gillard Labor Party government. Besides
changes in higher education policy over time, Bell et al. (2014) see that more can be done
to increase the domestic supply of ICT specialists, including women, not only about
enrollments but also about the completion of ICT-related disciplines. In the 2013
PMSEIC report one major attribute of national strength in STEM is to provide an
education in mathematics and science at all levels of the secondary sector (ACOLA,
2013b). However, Australia does not have compulsory focus on disciplinary content
(Office of the Chief Scientist, 2013). To some extent, “Why complete a science subject if
not required for university entrance” (Panizzon et al., 2015, p. 72)? To that effect,
Minister of Education Christopher Pyne is trying to push a plan for making mathematics
and science compulsory in Year 11 and 12 (Cook, 2015). This initiative would align with
the broader engagement from the Australian government to raise scientific literacy
(Marginson et al., 2013), which would require public debate to understand why STEM
matters in order to undertake the challenges of the global knowledge economy11. Based
on OECD (2013) statistics, Australia performs below the OECD average for tertiary new
entrants in engineering, manufacturing and construction (9 per cent). In other STEMrelated fields of occupation, the distribution of new entrants is relatively the same, with
sciences (12 per cent), physical sciences (2 per cent) and computing (4 per cent) (data on
mathematics are not reported) (OECD, 2013).
11

Although STEM policies are also critical to P12, this policy analysis does not
concentrate on this level of education.
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Lack of cogent data. Based on the extensive report by Marginson et al. (2013),
“Australia collect[s] information on the broad sectors where graduates by discipline are
employed, the practical relationship between education and work, especially the
deployment of skilled labour in the workplace” (p. 126). The notion that data cannot
necessarily be substantiated seems contradictory to what the intention might be, to
identify and communicate gaps in order to justifiably establish education policies.
Dobson (2015) asserts that “it is extremely difficult to measure the long-term impact of
any reform or group of reforms” (p. 4). Nonetheless, occupations are represented
differently, for example, the category of natural and physical sciences is very broad while
information technology is relatively focused.
Funding and higher education. Funding of higher education by the federal
government in Australia has fluctuated over the years since 1951. While Australia is
foreseeing the growing dependence on knowledge and innovation globally, the Australian
Government has committed AUS $54 million to mathematics, engineering and science in
light of harnessing STEM in its advantage (Australian Government, 2012b). With that
said, reflecting on the inconsistencies in defining STEM across educational sectors,
Panizzon et al. (2015) note “that in 2011, the Australian government provided additional
subsidies to the field of natural and physical sciences even though graduates had a high
probability of over education” (p. 73). Aside from that, the Australian Government
invested close to AUS $9 billion in research and innovation in 2012-2013 through a suite
of 79 programs across 14 portfolios (Parliament of Australia, 2014; Figure 21).
In the case of Australia, the neo-liberal agenda has had a greater influence on its
higher education policy landscape, which has changed the academic culture making
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universities more vulnerable to corporatization to respond to their increasing role as an
exporter of higher education (Pick, 2008). Australian higher education has been faced
with recruitment challenges, in part due to the increased casualization of academics,
associated with more difficult working conditions in response to global competition
(Bradley et al., 2008; Freeman, 2013).

Figure 21. Higher education revenue by source, 1907-2012. Adapted from “Education
and Employment Legislation Committee,” by The Senate, Higher Education and
Research Reform Amendment Bill 2014, 2014, Chapter 2.
A perspective in ‘smoke and mirrors’ down under. The rhetoric about STEM
shortages in Australia exists just as it does in United States and Germany. The public may
hear different viewpoints about how industry cannot fill positions; nonetheless Deborah
Corrigan, associate professor at Monash University, tells in the Science journal that
“much of it is to do with industry acting as consumers of graduates rather than investing
in the education process for both the education system and their own workforce”
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(Benderly, 2015, para 5). Basically, the current ‘smoke and mirrors’ (Benderly, 2015;
Panizzon et al., 2015) may not be going away anytime soon without a common analytical
framework that could help determine a clear definition and consistent data about STEM
despite political and economic agendas.
Summary
Observations seem to indicate a lack of perspective in Australia at the moment
that is taking away the drive for entrepreneurship, for example. Australia has an
economic imperative in advancing STEM. The Australian educational system does not
seem to match the imperatives set forth by the Australian Government about the role of
STEM education as well as industry groups, such as the Australian Industry Group,
which is strongly advocating for more graduates at all levels, guaranteed by an increased
quality of STEM graduates to prevent the national economy from being held back
(AiGroup, 2015).
In the final report by Marginson et al. (2013) about Securing Australia’s Future, it
is noted that “[Australia] lacks the national urgency found in the United States, East Asia
and much of Western Europe, ...” (p. 12). It leads us to wonder about the strategies
Australia is envisioning to address anticipated shortfalls that are temporarily answered by
short-term visa programs. A commitment to advancing STEM will be needed in addition
to making the necessary investments in education, training, research, and to “increase ...
the share of human resources in science and technology” (Office of the Chief Scientist,
2013, p. 9).
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Germany
Introduction
The importance of science and technology in Germany has rallied professionals
and politicians in the public discourse. In light of public debates that revolve essentially
around labor shortages in MINT fields, the rhetoric has led to differences in opinion
among researchers, organizations and political establishment. As several countries in
Western Europe have directed their focus on STEM policy, it is critical for Germany as a
nation with a strong industrial core that is internationally competitive. However, it has
also been noted that “European policy-makers have so far been tardy to recognise the
STEM skills shortage and its consequences, as well as to act on it” (Business Europe,
2011, p. 3).
Placing MINT in Context
While the rhetoric on skills shortages has so far been about STEM, the equivalent
acronym in German is MINT. Initially, the question about defining MINT could be
raised, whether it is strictly comparable to STEM contextually, when discussions and
comparisons take place at the European level and more broadly at the international level.
Under the European Commission (2015), the concept of STEM skills is defined as “skills
expected to be held by people with a tertiary-education level degree in the subjects of
science, technology, engineering and maths” (Key Term ‘S’). While the definition seems
relatively vague, it excludes graduates who obtained STEM qualifications through uppersecondary level vocational education and training (VET). All in all, executing a search
about STEM in Germany seems to retrieve more results than searching for MINT.
Within the broader European context, the question of skills shortages in Germany
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is subject to public debate among labor market experts, the Institute for Employment
Research (InstitutfürArbeitsmarkt- und Berufsforschung or IAB) researchers and the
Association of German Engineers (VDI), for example. Besides agreeing on a definition of
STEM or MINT skills, the issue could be examined with more depth looking at how
those skills align to demand across diverse occupations, industries and the economic
regions.
As identified in Bott, Helmrich, and Zika (2011), MINT occupations are grouped
under (Major Occupational Field) MOF 8, “Technical-scientific occupations” (p. 9),
identified from the 54 occupational fields developed by BIBB. MINT occupational fields
include engineers, chemists, physicists, natural scientists, technicians, technical draftmen
and draftwomen, allied occupations, surveying, specialized technicians, and core IT
occupations. Despite the distinctive MOF, Gunther (2013) sees that there is no consensus
about a definition. While the problem of skills shortages is already being debated, it
remains a long-term issue that needs to be addressed.
Major Tenets
How is the discourse framed? The public and scientific debate on the shortage
of skilled labor in Germany is ongoing. Often, skill shortages will tend to vary by region,
occupation and industry. Neubecker (2014) presents a comprehensive perspective on the
debate about the shortage of skilled workers in Germany. By and large, the narrative on
shortages seems to revolve around a consensus of no general shortages vs controversies
over shortages in specific disciplines in MINT occupations (Brenke, 2012b; Kalhenberg
& Spermann, 2012; Neubecker, 2014). With that said, the discourse on shortages also
extends to the making of projections. However, projections tend to instill skepticism,
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similar to that of Teitelbaum (2003), who said that making “labor-market projections for
scientists and engineers [is] … notoriously difficult …” (p. 46) as labor markets can vary
a lot across occupational fields and can adapt to new market exploration at a particular
time. From the perspective of measuring human capital, Brenke (2012a) points out two
major sources that can inform on the employment of engineers – industry-related
engineers – the Federal Employment Agency (Bundesagentur für Arbeit BA), which is an
important source of data on job vacancies and the German Microcensus, which informs
on German demography and the labor market. Besides these data sources, Bellmann and
Hübler (2014) note that “most empirical evidence that we have or that we have to expect
on skill shortage is provided by politicians, ministries, employer associations or unions”
(p. 5).
While Brenke (2012b) sees that there is no shortage in sight, there are IAB
researchers and the Association of German Engineers (Verein Deutscher Ingenieure VDI)
claiming that there are indeed shortages in MINT fields. Just as Brenke (2012a; 2012b)
had sought to examine the accuracy of the VDI’s claims about the shortage of engineers
in manufacturing, he stated that the reporting by the VDI in 2012, that there had been too
few engineers, is an exaggeration. Associated with a study conducted by the VDI and the
Cologne Institute for Economic Research (IW) in 2009, examining the German’s industry
demand for MINT skilled labor, the Federal Ministry of Economics and Technology
(BMWi) (2010) reported that skill shortages of engineers alone accounted for “the loss of
value added at 3.4 billion euros” (p. 8). Basically, Brenke (2012c) disagrees with those
claims. At the same time, Bräuninger and Majowski (2012) state that there are other
perspectives to the claims, including the issue of skills mismatch that exists between
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supply and demand as well as geographical location, which can be induced by too little
mobility. Arguably, this is not a situation that is unique to Germany. To delve a bit more
into the mobility of workers in Europe, Business Europe (2011) reported that “only
around 2.4 [per cent] of Europeans [were] currently living in another member state” (p.
14). It raises the question as to how this lack of exchange or coordination across member
states could affect the effectiveness of programs, thus the labor supply from one member
state to another.
The Federal Government aims to have “a skilled staff primarily through training
and continuing efforts in education” (Dobson, 2015, p. 29) in face of global
competitiveness and to make Germany more attractive to foreign talent. More
specifically, Germany has a national policy, supported by an association also known as
“MINT” (Eurydice, 2011). MINT has several objectives, including to “pool industry and
regional business initiatives towards promoting MINT under the name ‘creating a MINT
future’” (Dobson, 2015, p. 59). Despite these objectives, Kalhenberg and Spermann
(2012) see demographic changes to be critical for the nation’s prosperity in order to
ensure human capital resources to maintain or enhance the skills and competencies of the
German labor force productivity. By and large, “a critical appraisal of the federal
government’s 2012 demography strategy must conclude that policymakers still lack clear
guidelines” (Kalhenberg & Spermann, 2012, p. 27).
While Germany exhibits a strong physical infrastructure with the manufacture of
technology-intensive and innovative products (p. 92), it has weaknesses nonetheless.
Based on a fourth international comparative survey about Germany’s innovative capacity
by the DIW Berlin, Belitz, Clemens, Schmidt-Ehmcke, Schneider, and Werwatz (2008)
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affirm that “Germany’s greatest weakness lies in the area of education” (p. 89) and
funding of the German educational system is lacking. Nevertheless, “the Federal
Government [had] committed to investing an additional 12 billion euros in education and
R&D by 2013.... calling on the Länder to continue to strive to spend 10 [per cent] of
economic output on education and research” (BMWi, 2010, p. 17).
Economic concepts. Similar to the United States and Australia, the narrative of
skills shortages tends to focus primarily on supply. Arguably, Osborne & Dillon (2008)
see that demand is rarely examined and that the future of STEM demand lacks evidence
in order to adequately address education policy initiatives.
Supply. There may be a consensus that there exist no general shortages, however
there are still points of contention in agreeing on definitions, methods, and models to
adequately measure and assess shortages on a common analytical framework. While
business associations, for example, claim a shortage of skilled people and a demand for
engineers are unmet, Brenke (2012b) sees that there is no statistically sound method that
exists today to get a truly accurate indication of supply and demand of workers.
Nonetheless, there are German critics, as noted in Neubecker (2014), who will disagree
with Karl Brenke’s work, not taking into account “engineers working in jobs not subject
to social insurance” (p. 3), for example, yet it seems impossible to clearly state that a
shortage in MINT (STEM) exists in the absence of dependable data. That said, it makes
one ponder the question as to how reports can be published with supposedly accurate data
of alleged shortages of skilled workers if no known scientific method can accurately
detect the complexities of the labor market. Along the same lines, Bellmann and Hübler
(2014) would add that “no theory can convincingly explain why some companies report
137

skills shortage” (p. 11).
Nonetheless, sector-specific and regional bottlenecks have been reported,
including difficulties to fill positions, including in some specific areas like high-tech,
advanced manufacturing and medical specialists (Bellmann & Hübler, 2014). Still, the
focus of empirical studies tends to be on aggregate data for different occupations and
industries (Bellmann & Hübler, 2014; Constant & Tien, 2011). For example, the IAB is
collecting data on the aggregate national supply of labor (Constant & Tien, 2011). Along
those lines, Bellmann and Hübler (2014) report on results from an empirical investigation
on skill shortages focusing on data from the IAB Establishment Panel Survey for the
period 2007-2012. Bellmann and Hübler (2014) examined whether German
establishments – excluding agriculture, forestry and fishing – were expecting problems to
fill positions in the next two years with skilled workers that held university degrees and
qualified workers with vocational training. The investigation revealed an “average
number of years with skill shortage [to be] 0.643 with a standard deviation of 1.197”
(Bellmann & Hübler, 2014, p. 10). Bellmann and Hübler (2014) concluded that young
firms in the service sector were more prone to skill shortages, in part due to competitive
pressure and high wages.
As discussed about Australia and the United States, the issue of mobility of
workers is also true in Germany. Germany does not appear to be a preferred destination
for immigrants to settle in for a variety of reasons as opposed to the United States,
Australia and other English-speaking nations. By and large, one major push and pull
factor is the integration of non-EU nationals, which creates a critical barrier for Germany.
Language is another limitation, where the preference will be given to English-speaking
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countries. Besides, migrants to Germany tend to experience lower wages; they are also
facing excessive regulation, taxes and contributions (Bräuninger & Majowski, 2011).
Besides those issues, Germany is faced with a brain drain (Brenke, 2012b; Constant &
Tien, 2011), based on BMI (2011) data that indicate that out of the 154,988 skilled and
educated native Germans, who left Germany in 2009, 8.9 percent went to the United
States. While the Confederation of German Trade Unions (DGB) asserts that skills
shortage exist because of a lack of educational reform (as cited in Bellmann & Hübler,
2014), education and training have a big role to play in light of demographic changes
causing bottlenecks (Bellmann & Hübler, 2014). With that said, Constant and Tien
(2011) report that at the time, “there [was] no clear methodology in Germany determining
whether there is skilled labor shortage or not…. [except the IAB, to be] the only method”
(p. 27).
Demand. The demand for skilled labor in MINT fields may be closely linked to
the discussion about skills shortages. While Brenke (2012a; 2012b) sees that there is no
shortage in sight, the question of demographics is quickly raised and articulated around
predicted declines in the STEM (MINT) sectors due to an ageing population. In the
Information and Communications Technology (ICT) sector, for example, “Germany
lacks a general and comprehensive e-skills strategy covering both for IT user and ICT
practitioner skills” (European Commission, 2014, p. 9). The report goes on, stating that
the current growth rates of university graduates will be inadequate to meet the demand.
Breznitz (2013) observes that Germany recognizes the importance of skills
training and the benefits it brings to learning advanced technologies and enhancing
innovation and productivity. In light of demographic changes, trends for further
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education and training of older individuals (50+) will likely require measures for
companies to address demand. While demand is difficult to predict for highly competitive
science- and technology-driven industries, demand is expected to grow by almost 8
percent until 2025 for STEM professionals and associate professionals (CEDEFOP,
2014). In light of a shortage of the 210,000 so-called MINT specialists reported by the
Cologne Institute for Economic Research (IW) in April 2012, the upper house of the
German Parliament passed the Blue Card in 2012 to allow the entry of skilled workers
from non-EU countries (Bräuninger, 2012). Associated with issues about non-EU
nationals, the recruiting of qualified workers may be related to how ambiguous the
definition of skill shortage is (Green, Machin, & Wilkinson, 1998 as cited in Bellmann &
Hübler, 2014). However, recruitment problems could be directly associated with skill
gaps in being able to satisfy current demand. Nonetheless, there are other means to
remedy a shortage of skilled workers, and it raises the question as to what happens when
companies will engage in “outsourcing (often offshoring) to address the current needs of
about 38,000 vacancies for IT professionals”, for example (European Commission, 2014,
p. 4).
Market indicators.
Wages and unemployment rates. Wages in Germany began to soar after the
reunification with the German Democratic Republic (GDR) in October 1990. Unions in
Germany would soon be faced with tight wage restraints, associated with the Schröder
government labor reforms in 2003, known as the ‘Agenda 2010’ (The Economist, 2013).
With the increased flexibility in the labor market and the concept of free market
becoming more real, German companies were also moving their operations to East
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Germany, thus adding more restraints to wage growth. As a result, wages have been
stagnant (Breznitz, 2014) or are just too low while the firm’s hiring standards are too
high, as reported by the unions (DGB, 2011 as cited in Bellmann & Hübler, 2014). For
example, The Economist (2013) reported that “German wages rose by an average of just
1.1% a year in nominal terms, leaving them flat in real terms [between 2001 and 2010]”
(para 12). With that said, Brenke (2012b) does not see the issue of low wages to coincide
with shortages even though it is a problem, while wage increases would be expected in
case of shortages similar to opinions shared by several authors in the United States.
Similarly, authors presented in Neubecker (2014) do not all agree; however, Karl
Brenke’s opinion makes one raises the question why the framing of the rhetoric about
MINT (STEM) shortages would omit to include the free movement of workers in the
debate, and play down the role of industries in negotiating the acquisition of human
capital.
According to the German Federal Statistics Office, Germany's unemployment rate
was 4.5 per cent in December 2015 vs 5.3 per cent in 2013. For STEM fields, the report
by the Directorate General for Internal Policies in March 2015 shows a consistently low
unemployment rate in many member states, as low as 2 per cent for EU28 in 2013,
“below the total unemployment rate since the beginning of the 2000s” (Caprile, Palmen,
Sanz, & Dente, 2015, p. 6). Brenke (2012b) states that the unemployment rate of
engineers and skilled labor had been higher before the economic crisis in 2008.
Demographics. Dobson (2015, p.19) states that demographic patterns will be a
cause for shortages in STEM workforce, including retirement age of baby-boomers, in
part, and the lower proportion of young generations electing STEM disciplines. However,
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demographic changes are not necessarily taken into consideration in the assessment of
future shortages and how the labor force is defined, given that the labor market does not
operate on its own (Neubecker, 2014). Comparing men and women and their employment
by sector of the economy indicates that fewer women are employed in R&D and
knowledge-intensive sectors, including MINT fields. However, highly qualified women
tend to be employed in fields like health care, education or social affairs (Belitz et al.,
2008, p. 92). The German national STEM policy is also supported by the National Pact
for Women in MINT or “Go MINT!”. The latter was launched as a partnership in 2008,
at the instigation of the Federal Ministry for Education and Research. In the German
Center for Research & Innovation, Dr. Ulrike Struwe, Executive Director of Go Mint
describes:
Go MINT! [as] part of the federal government's Qualification
Initiative…was launched in 2008 at the instigation of the Federal Ministry
for Education and Research with the aim of increasing young women's
interest in scientific and technical degree courses and attracting female
university graduates to careers in business. (para 1).
Besides the representation of women in MINT workforce, the German Federal
Statistical Office (Statistisches Bundesamt), for example, presented a vivid picture of a
transformed population in Germany, projecting an older workforce in the next years.
However, not everyone shares that opinion as the making of long-term projections raises
skepticism and should be used cautiously (Brenke, 2012b).
Political Framework
Industry. While Osborne & Dillon (2008) see that “local shortages can be
addressed by filling posts from the global supply” (p. 15), there is the notion that a
stronger link between German universities and the industry could help promote the
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practical industrial value from applied research, for example, the “Fraunhofer's model is a
classic government-industry partnership” (Wiessner, 2013, para 12), where Fraunhofer
institutes are linked with German universities. At the same time, Bellmann and Hübler
(2014) comment on different measures that could help alleviate skill shortages; for
example, the lack of reform in the educational system that the unions see as responsible
for such shortages. Other considerations could be to train older workers and hire women.
At the same time, the expanding business or service sector has somewhat been changing
the traditional approach to STEM skills, in that STEM skills per se may no longer suffice.
As in Australia and the U.S., soft skills are becoming more important. However, it raises
the question whether the education and further training system are responding to the
requirements of the labor market; Kalhenberg and Spermann (2012) assert that they have
not yet responded appropriately.
Programs and education. In 2012, the share of graduates in Germany was more
than 27 per cent. Brenke (2012b) had reported that a sharp increase in graduates was
expected, which could also create a bottleneck in the labor market. Bottlenecks are
detected in academia too, where the number of academics 55 years old and above has
increased from 15.1 per cent in 2000 to 18.8 per cent in 2009 (Bosch, 2011). At the same
time, Bellmann and Hübler (2014) report that the Chamber of Commerce and Industry,
that stresses “the responsibility of unions and employers at the policy and the firm level”
(p. 8) advocated for more permeability between vocational training and the university as
a measure to cut shortages. Powell & Solga (2011) confirm there is low permeability and
mobility to higher education despite the heavily export nature of the German economy.
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Immigration. It was in the early 2000s that Germany was officially recognized to
be an immigration country (Constant & Tien, 2011). This relatively recent development
occurred when the Schröder government passed a new immigration bill. While the green
card regulation, which was launched in February 2000 by Chancellor Gerhard Schröder,
aimed to attract highly skilled foreign professionals, with IT background primarily, the
ambitious labor policy did not turn out to be as successful as expected. With that said,
other countries such as the USA and Australia were competing for high skilled
immigrants at the same time, and got them first (Constant & Tien, 2011).
Bräuninger (2012) reports based on data from the Cologne Institute for Economic
Research (IW) that there was "a shortage of around 210,000 so-called MINT specialists,
i.e. mathematicians, engineers, scientists and IT specialists, in the German economy"
(para 2). Although the current skill shortage is only seen as cyclical, the number of
retirements is increasing each year, estimated at about 40,000 engineers (excluding IT
specialists). This forecast raises serious concerns in light of an aging population that
would be in need of greater medical and nursing attention in the coming decades. At the
same time, an influx of migrants from southern European Economic and Monetary Union
(EMU) states has happened. In light of those demographic changes, new legislative
measures like the Blue Card have permitted to alleviate skill shortages for three years
(The information portal for foreign professional qualifications, 2013). The Blue Card was
passed by the German Parliament in 2012 to allow more non-EU residents to gain access
to the German labor market. Nonetheless, Bräuninger (2012) sees additional limitations
like language and high taxes and duties will deter skilled immigrants from entering the
German labor market. The wave of young Europeans from the south, for example, could
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help prevent bottlenecks in the market. Still, Bräuninger (2012) states "the absolute
figures of around 16,800 and 11,600 migrants were much lower than during the great
wave of immigration in the 1960s" (para 5). Basically, the low number of highly
qualified immigrants per capita in Germany is largely a question of integration. Although
Germany may have shown the will to create a new foundation with respect to
immigration, the main question is about social integration of immigrants (Zimmermann,
Bonin, Fahr, & Hinte, 2007), given that their integration needs to be mutually inclusive at
both the national level and local level in Germany. On the whole, the issue of public
acceptance is of fundamental importance and it forces us to ask how the welcoming of
thousands of refugees within the last year will turn out.
Lack of cogent data. In light of a rapidly changing global knowledge economy,
the rhetoric about skills shortages in MINT fields can best be appreciated with fit data to
most adequately analyze human capital and skills in the context of innovation (Del Sorbo
& Hervas, 2013). However, in the absence of a statistically sound method to accurately
measure supply and demand (Brenke, 2012b), Constant and Tien (2011) comment on the
fact that the IAB is recognized as the established single authority for tracking labor
market trends and shortages. It raises the question as to how the lack of comparable
official datasets could not be a handicap to policymaking. That said, the question of
reliable projections could be raised once more. In Neubecker (2014) and Kalhenberg and
Spermann (2012), the study by the Swiss research institute, Prognos seems to indicate
two different figures of a shortage of millions of highly skilled personnel by 2030, should
no variation in the labor market occur or the net immigration per year remains the same
during that time period. Nonetheless, the gap in the labor force would be around 5.2
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million to 5.5 million high skilled workers. Bellmann and Hübler (2014) report on the
study, pointing out at a projected “25 percent [gap] of the academic jobs … [by] 2030 if
no measures are taken” (p. 6).
Summary
Germany is a leading economy in Western Europe, yet the rhetoric of skill
shortages is very much debated between proponents and researchers despite the absence
of a statistically sound method to accurately measure supply and demand (Brenke,
2012b). The rhetoric of skill shortages in Germany may not be limited to the issues of an
imminent lack of supply; it is also whether Germany could attract highly skilled
immigrants.
Conclusion
In their response to the shortage of skilled labor in STEM or MINT-related fields,
both Australia and Germany are faced with the dilemma of consistent and uniform data
against the claims on shortages. Despite some similarities, solutions for each country will
be in response to the national context, inclusive of regional and global forces. While
Australia is in close proximity of the South Asian market, it still does not have a coherent
national strategy and the funding of higher education has been fluctuating in the last 60
years. By contrast, Germany has a national strategy supported by MINT, however it
exhibits a low permeability and mobility to higher education despite the heavily export
nature of its economy. Lastly, Germany is not as much a destination for immigrants to
settle in as opposed to Australia and the United States.
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CHAPTER VI
DISCUSSION AND IMPLICATION
In this final chapter, I begin by summarizing the document analysis, supported by
interviews, alongside discussants’ viewpoints on the narrative of STEM shortages in the
United States, Australia and Germany. The narrative about shortages has been a continual
theme since the 1950s; it is articulated as a bipartisan theme in public policy discussions
and divided across the aisle between proponents of STEM shortages and researchers, who
disagree. Coupled with scientific and technological transformations in the last decades,
the political discourse is basically grounded on the two fundamental economic principles
of supply and demand. Despite the plethora of publications that support the narrative, the
ongoing debate over shortages in STEM skilled workers in the United States, Australia
and Germany today, is expressed in relatively similar terms, in that the discourse is
heavily framed in terms of the human capital side of science and technology with respect
to the political, economic and social context of each nation within the larger context of a
more integrated competitive global knowledge economy. This study focuses on STEM
workers with at least a bachelor’s degree or higher, which permits to align the discussion
with educational requirements placed on H-1B skilled workers. While policy reports on
labor market shortages are very much reflecting individual employers’ accounts of the
hiring problems of qualified skilled workers in STEM fields (Lowell & Salzman, 2007),
two major points of contention emerge from the study in light of formulating
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recommendations directed at the bipartisanship in public policy discussions that is
currently divided across the aisle between proponents of STEM shortages and researchers
in order to develop a dialogue around STEM. First, the lack of a clear definition of STEM
–a social construct– is a hindrance to being able to frame the policy discourse in its
appropriate context beyond national boundaries in order to have proponents and
researchers working together under a common analytical framework. While it has already
been agreed upon that STEM, for example, is heterogeneous in its nature and
representation (Freeman, Marginson, & Tytler, 2015; Xue & Larson, 2015), STEM
represents multiple labor markets. Deborah Corrigan, associate professor at Monash
University sees that a flexible definition can be adapted to serve one’s political agenda.
Second, the lack of consistent and substantiated data about the claims that proponents of
shortages are making remains a challenge to best set the public policy, where either side
could be right until it is possible to formalize a more comprehensive and unbiased
definition of STEM within reasonable boundaries despite a few gray areas in STEM
workers’ skills and competencies. This approach would engender a greater sense of
transparency and truth informing the public about the rhetoric that surrounds the shortage
of high-skilled STEM talents despite political and economic agendas.
Next, I explain why the policy study is significant with respect to higher
education both in terms of human capital and the nature of the labor market within the
global knowledge economy. Next, I provide implications for practice and research,
followed by recommendations that could help frame the discourse on STEM shortages in
order to set a public policy grounded on a common analytical framework at the federal
and state levels within the global setting. Next, the list of recommendations has informed
148

the researcher with possible future research studies that vary in scope. Some of the
suggested future research initiatives would more than likely require significant
funding and may be best addressed by a group of researchers engaging in such studies in
light of their scope. Lastly, I conclude on how the document analysis and interviews have
informed my policy study.
In the attempt to dissect the current rhetoric shaped around several studies and
their underlying datasets, I aimed “to satisfy the need for pertinent information and
thoughtful, impartial assessments in the policy process” (Kraft & Furling, 2004, p. 103).
Alongside the theoretical perspective, I provide greater “culturally derived and
historically situated interpretations” (Crotty, 1998, p. 67) on the findings derived from
document analysis and interviews. Most importantly, I took a critical look where the
current beliefs lie, placing them in their national context with respect to political and
economic advocacy that may directly impact the objectivity of any information relative to
shortages of STEM or MINT skilled workers.
The purpose of the study was to examine the current rhetoric of a shortage in
STEM scholars and employees in the United States, including Australia and Germany as
frames of reference in order to contextualize the role played by their national values in
the context of the global STEM conversation.
Research Questions
1. What is the history of STEM education, beginning with an examination of
American science since the early 1920s and including a historical outline on the
perspective of science in Australia and Germany?
2. What is meant by STEM education and does a definition of STEM exist?
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2a. How does its interpretation differ based on national context?
3. What are the major tenets of the rhetoric of a shortage in STEM scholars and
employees in the United States?
4. How does the rhetoric of a STEM workforce shortage play out in the United
States from the perspective of the U.S. economy and its dependence on STEM workers to
keep its vibrancy and the bipartisan theme in public policy discussions?
4a. How much leverage does this claim have with research suggesting there is
little shortage in STEM occupations in the United States?
5. What are the main characteristics that surround the debate of the shortage of
skilled workers in Australia and Germany?
6. What critical implications and recommendations can be drawn out from the
current discourse on STEM shortage in the United States with consideration to Australia
and Germany?
Summary of Evidence
The narrative that surrounds the shortage of workers in STEM fields has led to a
plethora of publications. Although the ongoing debate over shortages in STEM skilled
workers in the United States, Australia and Germany is expressed in relatively similar
terms, information sources tend to be more tied to the government and organizations.in
Australia and Germany while there tends to be a greater mix of information sources in the
United States. Marginson et al. (2013) remind us that “programs, policies and
professional practices in relation to STEM are nested in ‘thick’ and complex social,
economic and policy contexts” (p. 54). Despite differences in the way the rhetoric may be
articulated in each country, the assertion that there are too few STEM skilled workers can
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be summarized as follows:
In the United States, the discourse is supported by most policymakers, industry
groups, university leaders and professional associations, who concur that the nation is
facing a crisis in high-skilled talents (Hira, 2010; Salzman, 2013). Industry groups and
trade associations are lobbying for more graduates in STEM fields and a greater number
of H-1B workers to the United States. By contrast, there are researchers and pundits who
reject the rhetoric of a STEM shortage that frames the need for increasing enrollments in
STEM education programs These researchers maintain that no clear evidence can
substantially support those claims in the absence of substantiated and consistent data; that
more scientists and engineers graduate from U.S. universities than positions can
guarantee their employment (Atwater & Jones, 2004; Teitelbaum, 2008, 2014a, 2014b).
That said is there a clear answer to how many engineers are needed in the United States?
In Australia, industry groups, unions and employers are expressing the difficulty
to recruit qualified STEM labor. These groups have been exaggerating the problem of a
shortage (Richardson, 2007), engendering tensions around the immigrant labor force,
when claims about STEM shortages may not always be empirically substantiated.
However, Panizzon et al. (2015) assert that “unless the specific areas of need are clearly
communicated to the populace and stakeholders, the government and industry rhetoric
that there is a shortage across the board does little to address any ‘real’ gaps that very
likely exist in the STEM workforce” (p. 73).
In Germany, the rhetoric of skill shortages is supported by a group of labor
market experts, politicians, ministries, employer associations or unions, who express a
significant shortage in MINT professionals (Brenke, 2012a; 2012b; Neubecker, 2014). In
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April 2012, the Cologne Institute for Economic Research (IW) reported "a shortage of
around 210,000 so-called MINT specialists, i.e. mathematicians, engineers, scientists and
IT specialists, in the German economy" (Bräuninger, 2012, para 2). With that said Bosch
(2011) sees that such complaints continue to be used for political purposes. Justifiably,
Brenke (2012b) asserts that in the absence of a statistically sound method to accurately
measure supply and demand such claims are not sound. Although the issue of low wages
is a problem in Germany, Brenke (2012b) does not see it coincide with shortages as
wages would be expected to increase in case of shortages; an opinion that is shared by
several authors in the United States. Additionally, the narrative of skill shortages in
Germany is associated with the migration of foreign workers and the issues of social
integration that remains critical.
The current discourse is not a new phenomenon; it dates back to the 1950s and its
context is now embracing new global dimensions. To the extent that so many resources
are being allocated to STEM education at both the P1212 and higher education level
despite the disagreement in the global discourse, the critical issue of whether such
delegation of finite resources is defensible remains to be answered. Associated with the
lack of reliability in projecting future demands (Freeman, 2006b), well knowing that
making “labor-market projections for scientists and engineers [is] … notoriously difficult
…” (Teitelbaum, 2003, p. 46), the United States, Australia and Germany are inevitably
facing a critical challenge in guiding policies and programs that surround STEM (or
12

The focus of this study is on higher education, with STEM graduates with at least a
bachelor’s degree or higher. STEM education is also an issue for P12 and could be an
excellent topic for future study.
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MINT) education.
The current beliefs that are founded on the economic principles of supply and
demand, articulated across a political framework in relation to occupational sectors, are
being grounded on a lack of consistent and cogent evidence and presented to the
American public through a plethora of information that contributes to shaping the
national policy (Benderly, 2012). As science, technology and innovation are more
integrated globally under the umbrella of a global knowledge economy, proponents from
industry claim that H-1B workers are “the best and brightest” (Matloff, 2013a);
university leaders and highly ranked government officials are also shaping the rhetoric of
shortage in the public sphere with foreign students, who are competing for space with
domestic students. Along those lines, the United States, Australia and Germany recognize
the issue related to demographics due, in part, to an ageing population, but also in the
representation of women and underrepresented minorities in STEM workforce. That said,
demographic changes may not always be taken into account in the assessment of future
shortages, for example, due to the lack of clear guidelines in the policy-making process
(Kalhenberg & Spermann, 2012).
Other factors come into play. The most obvious market indicator, wages, has not
been bid up in all three nations (Breznitz, 2014; Shierholz, 2014), which would indicate
there is not a shortage. However, there are always exceptions, such as, in petroleum
engineering in the United States, for example. The rhetoric is also articulated around the
tendency to aggregate data, which may afford certain groups to have stronger
representation in lobbying “because the larger STEM is, the more important it becomes
relative to other disciplines” (N. Smith, personal communication, September 29, 2015).
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However, by aggregating data, it may mask what the accurate picture of the STEM labor
market is and affect results highlighting the challenge of conflicting data (Bell et al.,
2014); shortages could exist in some specific occupations or industries (Lowell &
Salzman, 2007), skill shortages can also exist in a geographical area of a country or when
the unemployment rate is very high (Cohen & Zaidi, 2002), thus raising the question as to
whether the rhetoric of a general shortage in STEM is valid or exaggerated.
The fundamental issue that seems to be at stake in all three nations represented in
the study is how STEM and MINT are defined and delineated. Although it might be
possible to draw reasonable boundaries in defining STEM or MINT, a thorough
understanding of the nature of each acronym is absolutely necessary in order to have a
debate on similar terms and formulate a most accurate policy analysis. However, there is
no consensus on how STEM is defined and defining it remains a challenge (NSF, 2015).
That said, the contemporary discussion around STEM, MINT, skills shortages and skills
mismatches is articulated within an analytical framework that tends to differ across the
political spectrum; it is almost a case-by-case matter, where programs play out in specific
ways and may even be adapted in other international contexts13.
Despite beliefs that there are too few Bachelor’s degrees or higher in science and
engineering (Teitelbaum, 2014a, 2014b), the cost associated with an education in STEM
programs tends to be the most expensive (AIR, 2013). However, not all programs under
STEM do require the same number of credit hours as well as an education up to a PhD.
Despite these differences, STEM education programs at colleges and universities are
13

The researcher will return to these issues in the recommendations section of this final
chapter
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incentivized by the federal government at the graduate and postdoctoral levels to produce
more graduates in high-demand fields (Kuenzi, 2008; Mckeown-Moak, 2013). The
production of human capital in STEM fields raises intriguing questions in light of
conflicting interests between providing a public good and meeting the politically-driven
agendas that call for increasing the supply of STEM graduates, forcing students in the
role of investors of their own education and faculty as entrepreneurs.
Significance of Evidence
Determining whether there is too little STEM workforce in the United States, and
for that matter in Australia and Germany, is our ultimate goal. The policy study is
significant for different reasons. It is of the utmost importance to education
administrators in light of the large amount of federal funding that have been directed
toward STEM programs, and continues to be today. It is critical for understanding the
human capital side of STEM, and more importantly how it transpires through the
production of STEM graduates at colleges and universities, which directly impacts
national policy. It is strategic because it places into perspective how important the
changing nature of the labor market and rapid technological developments that have
emerged from globalization and the introduction of other markets, including China and
India, have fundamentally contributed to the current rhetoric that surrounds the shortage
of skilled workers in STEM (or MINT). Lastly, it broadens the perspective of the current
narrative presenting an authorship that extends beyond the political establishment in the
United States and Germany by including the viewpoints of economists, for example, and
brings an international lens to the discussion by framing the policy discourse on STEM
shortage beyond national boundaries, in that it is not an isolated phenomenon.
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Placing the study in its historical context is important (H. Salzman, personal
communication, September 29, 2015; Marginson et al., 2013; R. Hira, personal
communication, October 6, 2015) in order to understand how the narrative about
shortages has been a continual theme since the 1950s. By and large, the narrative has
been driven by a combination of industry groups (H. Salzman, personal communication,
September 29, 2015). The study brings in evidence of the transformative nature of that
narrative since the years following World War II, when both the Bush and Steelman
reports confirmed that the human resource capacity for science and engineering needed to
increase, particularly due to war losses. At the time, “the availability of trained personnel
was clearly the main limiting factor to developing research and development activities”
(President's Scientific Research Board, 1947a). Science and technology developments
were seen as essential to assuring national security and public perceptions toward
science, and the role of scientific knowledge in society (DeBoer, 2000) played a critical
role in sustaining the hegemonic position of the United States in the world. While the
NDEA was instrumental in “encourag[ing] the expansion and improvement of
educational programs to meet critical national needs,” (Public Law 85-864, p. 1581), the
inspiration of people toward science grew. It raises the question whether that could have
been a trigger in how nations began to address the human capital side of STEM in
response to an increasingly “research-reliant society” (Killian, 1964) that was
progressively facing an emerging competitiveness on the global stage, as the role of
science was becoming more visible to the world.
Recalling the critical times in history when German scientists migrated to
Australia or the United States, the human resource capacity in STEM in the twenty-first
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century is now negotiated under a very different philosophy. Undeniably, the immediacy
of services across the globe has transformed global communication and exchange of
human capital across nations. The pseudo removal of national borders in some respect
has likely impacted the conceptualization of national STEM policy framed in human
capital terms. R. Hira (personal communication, October 6, 2015) states that the human
capital side of STEM is more important today from a policy perspective than it may have
been in the past because US workers tend to be much less mobile than corporations are.
R. Hira (personal communication, October 6, 2015) adds that corporations are much less
tied to nation for taxation purposes, for example. When a corporation, like Pfizer Inc., for
example, a giant drug company with headquarters in the U.S. had decided to move its
headquarters to Ireland in late 2015 –U.S. regulations were tightened to prevent the
merger deal with Allergan, Plc– it would have been more than likely that not every
worker was able to move. Although some STEM qualified workers may be unable to
move, they may divert to non-STEM occupations in light of greater prospects and
earnings; they can also be under-employed or unemployed depending on the local
industry needs. At the state level, companies may move their headquarters to other states
that offer corporate tax incentives. For example, the American company State Farm with
its headquarters in Bloomington, Illinois has progressively been moving its workforce to
other states like Georgia, Texas and Arizona. It is very likely that the 30 percent
corporate tax increase in January 2011 in Illinois raised questions about competition and
taxation. All in all, it makes one ponder the question of the societal benefit of STEM
education and the cost associated in producing human capital in STEM fields. While the
industry used to be more prone to providing training or subsidizing continuing education
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at a local college or university, for example, companies are acting more rationally today
with a more flexible labor market, particularly in technology (R. Hira, personal
communication, October 6, 2015). Workers may not stay in one company as many years
as they used to, and it could be part of the problem. However, it forces us to ask if it is the
problem –that the United States is under-investing in training (R. Hira, personal
communication, October 6, 2015)– when the industry claims that too many older workers
available for work have not updated their skills (Matloff, 2013b). All in all, the argument
raises the question whether training, for example, is simply a distraction to the real
problem of a STEM shortage.
The rhetoric of STEM shortages has very much driven the debate in the H-1B visa
program. R. Hira (personal communication, October 6, 2015) thinks that “it is a
misguided debate because you don’t need to demonstrate there is a shortage to hire an H1B worker.” While the America COMPETES Act aimed to increase the number of STEM
graduates at colleges and universities, it is important to keep in mind that it is a market
system and there is a lag to produce STEM graduates, who will have the skills and
competencies for the labor market. However, the push for H-1B visa holders by
corporations, hence with legislation that resembles the Immigration Innovation Act of
2015 (or I-Squared Act of 2015) to increase the supply of guest workers to new levels is
likely to provide plenty of workers, but is also a way to bypass training and to pay those
workers a lower wage –a mechanism that is taking advantage of many legal loopholes
(Matloff, 2013a; Salzman, 2016) despite the requirement to pay workers “at least the
actual or prevailing wage for their occupation, whichever is higher” as indicated by U.S.
Citizenship and Immigration Services. It is also undermining the value of American
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education and taking away aspirations in science from graduates, who have invested large
amounts of money in their STEM education. That said, the cost of education in STEM
programs at colleges and universities tends to often be the most expensive (AIR, 2013),
with the exception of a few applied and liberal arts fields.
Implications
The assertion of the shortage of skilled scholars and employees in STEM-related
fields has a long history; it dates back to at least the late 1950s. Reinforced by the making
of predictions at different times since then, the rhetoric has been debated on different
fronts, framed around “the underlying theme … that the United States is losing its
dominance in science and engineering” (Stephan, 2012, p. 165). Whether or not this is
actually the case, the debate is ongoing. Debates on STEM (or MINT) shortages are not
limited to the United States. Those issues are being discussed in Australia and Germany
as well. The discussion includes a series of critical implications that focus on global
competitiveness, effectiveness of federal STEM programs, definition of STEM,
transparency in the reporting of data coupled with the lack of evidence, H-1B labor, cost
of education in STEM fields, and accountability related to vested interest and public
perspective. The discussion is also taking into account the level of subjectivity from my
interviews with six individuals in the field, who kindly accepted to participate to my
questionnaire.
Contextually different nationally and internationally, the narrative strives to report
how critical shortages in STEM fields are constructing a rhetoric that reflects much
subjectivity. In the United States, N. Smith (personal communication, September 29,
2015) sees this as the reality, nonetheless. Basically, it is a political debate with economic
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and social nuances. While economics has a lot to do with science (Stephan, 2012), for
example, when “government science-funding agencies may find wages problematic
insofar as they result in increased costs for research” (Teitelbaum, 2003, p. 19) and the
cost of educating STEM graduates, what counts as STEM is also built on a socially
constructed argument. To quote Teitelbaum (2003) on the fact that “[the] public
discourse is mired in paradox” (p. 51) there are two sides to the argument. On one side,
there are proponents of STEM shortages, who may act as spokespersons of large
organizations or reputable think tanks, demonstrating a vested interest in representing
industry groups that are shaping the narrative. It forces us to ask what happens when long
reports are published and whether a vetting process is in place, counting on the
reputability of the organization or think tank. In short, who might take the time to dissect
those reports, and can the data analyses be replicated? On the opposite side, there are
researchers and scholars, who would argue on the lack of empirical evidence of those
claims. To quote R. Hira (personal communication, October 6, 2015):
The shortage argument can’t be separated from the political and economic
interest, it does not stand on its own; it’s being promoted by special
interest groups that have a huge conflict of interest, benefiting directly
from politicians accepting or believing that there is a shortage.
At the same time, claims are made that the United States is outcompeted by China
by producing more engineers; but China is also doing more engineering work and
construction (H. Salzman, personal communication, September 29, 2015). Although
shortages may exist in some specific areas, there is a lot of skepticism of claims made
about shortages, and if there were a shortage, wages would go up; yet they have not
recovered since 2000 (H. Salzman, personal communication, September 29, 2015; R.
Hira, personal communication, October 6, 2015). Similarly, Shierholz (2014) retrieved no
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indication of a wage increase indicating a shortage of STEM supply. Stepping back to the
1980s up to the early 2000, a philosophical shift has happened in that the difference
between the interest of the company and the interest of U.S. workers has changed; for
example, Intel or IBM have not been as tied to the U.S. workforce as opposed to the years
of the competitive debate with Japan and the auto industry. Corporate inversion, for
example, has direct implications for STEM workers, who are not or may not be as mobile
as corporations are, thus affecting geographical areas in the country. As U.S. workers
tend to be less mobile, R. Hira (personal communication, October 6, 2015) recommends
that the United States should be investing more in geographically ‘sticky’ type of
investments.
Similar to Dobson (2015) in his report on seven European countries on existing
solutions to the STEM skills shortages, there seems to be many similarities in the
problems at play and recommendations to address those problems. Although specific
measures may be sought out, the main issue is to being able to address the “difficult[y] to
measure the long-term impact of any reform or group of reforms” (Dobson, 2015, p. 4).
Essentially, the issue at stake has a close resemblance to the lack of coordination among
STEM program and agencies in the United States. One direct implication to the
decentralization of STEM programs (Kuenzi 2008) is the inability to thoroughly assess
the effectiveness of federal investments in STEM education. It raises obstacles to collect
data to adequately measure long-term student outcomes (U.S. Department of Education,
2007). It also removes the sense of cohesiveness across the programs by adding a level of
complexity in the evaluation processes, thus neglecting objectivity and preventing the
reporting of an accurate picture of the intended outcomes.
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While the human capital side of science and technology is critical to U.S. policy,
the way STEM is defined in constructing research studies leads to believe in a lack of
consistency in the research process across organizations. Without a common analytical
framework that includes a clear definition of STEM taking into consideration differences
among disciplines, the purpose of running studies where interpretations can vary greatly
from subjectively designed large datasets raises questions about comparing datasets and
the interpretation of these studies if STEM is not clearly defined in the first place.
Metcalf (2011) asserts that “what counts as science and engineering, and who counts as a
scientist and engineer is highly socially constructed” (p. 180). To quote H. Salzman
(personal communication, September 29, 2015) “STEM is an acronym that has a political
meaning rather than scientific or policy meaning … the way we count it is not tied to the
way it is being used”. All in all, how to define STEM depends on, “what’s your purpose”
H. Salzman (personal communication, September 29, 2015) adds. There is one immediate
implication to this. If there is no coherent definition to STEM, we must ask ourselves
why the current debate continues about what STEM is, how it influences and impacts our
lives, hence being in short supply to ensure the United States scientific and technological
innovation in face of global competitiveness. That said, it makes one ponder the question
whether there seems to be a myopic approach to STEM, a lack of perspective and
representation coupled with subjectivity that undervalue a greater need for
communication and respect for different perspectives to come to a constructive debate.
To some extent, an analogy could be made to the story of the blind men and an elephant
that originated from the Indian subcontinent. The study is about a group of blind men,
who touch an elephant to learn what it is like. Each of the men touches only one part of
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the elephant. After doing so, it turns out that they are disagreeing about the part they felt.
In this scenario, the parable could reveal the notion that the truth about STEM is
absolutely conjectural and contextual as each government body, industry group or
researcher in a particular nation develops its own interpretation of what STEM is about.
Because STEM is heterogeneous (Freeman et al., 2015; Xue & Larson, 2015), all the
more reason that it is difficult to settle on a definition. For example, there is the question
whether medical professionals should be included; some do include them, some don’t.
Panizzon et al. (2015) state that “the inclusion or exclusion of medicine and the health
sciences in the field of STEM varies in Australia” (p. 72). In light of a lack of
international standards about STEM -MINT in Germany- it seems that it is more about
what one makes of STEM and adapts it to fit a particular discourse. For example, ‘T’ in
STEM accounts for over 50 per cent; it includes several sub-occupations to which
education backgrounds and educational levels vary. However, it forces us to ask how ‘T’
is leveraged within the larger picture. H Salzman (personal communication, September
29, 2015) sees that the reality is that there is no standard definition for STEM, that STEM
is defined according to one’s purpose. That said it makes it more difficult to frame the
current debate in the absence of reliable statistical data even though subjective reports
about shortages can easily be publicized in press releases or the media. Benderly (2012)
questions why proponents of shortages choose press releases while researchers publish in
scholarly papers. That said, press releases or media that depend on advertising push more
immediately accessible articles to readers on the internet, for example, and those articles
are likely more publicized with an appeal that draws attention, hence readership. Along
those lines, the media contributes greatly in the shaping of policy; it steers the message of
163

proponents of shortages and at the same time shapes the public attitude.
Besides the issue about defining STEM, aggregating data is commonly used by
organizations. The time constraints to separate STEM would be another issue, N. Smith
(personal communication, September 29, 2015) adds, in that “people want to group it
together, because the larger STEM is, the more important it becomes relative to other
disciplines and therefore they can lobby for better representation as a bigger group”. For
example, ‘T’ gets more representation; but by disaggregating STEM, it would weaken its
impact (R. Hira, personal communication, October 6, 2015). Along those lines, J.
Rothwell (personal communication, October 28, 2015) states:
There are practical reasons why you’d want to group and why you’d want
to separate them, depending on the context … that for policy, for broad
understanding of labor market issues, it’s convenient to group them
together because many of the same issues apply across the board looking
at all the disciplines in terms of relative high wages, relatively good job
prospects.
H. Salzman (personal communication, September 29, 2015) continues and states
that “If you can’t define the purpose you can’t come up with a coherent definition”.
Inevitably, it seems that STEM can be handled arbitrarily to build a narrative that serves a
particular agenda, divulged through long reports, including data analyses that may not be
vetted by other experts in the field.
The debate on STEM shortage will more than likely continue; however, the lack
of consistent and reliable empirical data remains a challenge to best set the public policy,
where either side could be right until a more comprehensive and unbiased definition of
STEM can be established within reasonable boundaries to more clearly inform the public
about the lack of STEM talents and its impacts on society. For example, a recent news
release by the American Competitiveness Alliance in February 2016 gives the sense that
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American businesses will be facing hard times as H-1B visa fees are doubling, and that
larger companies may have a way out, regardless, as “[they] may relocate operations
outside the U.S., where a large base of skilled talent is readily available to ensure [those
companies] remain globally competitive” (ACAlliance, 2016, para. 4). This message
resembles the current rhetoric, underlining a vested interest that is sponsored by large
corporations not referencing any sources to substantiate the evidence. Nonetheless, while
American firms are acting more rationally in terms of providing training to workers, with
a more flexible labor market, especially in technology, maintaining the internal human
capital capacity raises critical questions about long term investments, prosperity and
innovation.
The lack of evidence coupled with the lack of data as proponents of STEM
shortages are lobbying for H-1B workers and increased enrollments in STEM programs
create huge implications for the future of STEM. The statement by H. Salzman (2016)
before the United States Senate Judiciary Committee in February 2016 reinforces the
increasing disharmony between the immigration policy and guest worker programs that
clearly intends to reduce the cost of doing business for industry despite evidence of
questionable claims of shortages. To quote R. Hira (personal communication, October 6,
2015), “the justification for more STEM is on very shaky ground, if any ground at all.”
While it is important to differentiate the current belief with empirical evidence (Salzman,
2013; Shierholz, 2014; Teitelbaum, 2014a, 2014b), it forces us to ask what the message is
behind the projections of future demands, even more so, when reflecting on the
scrutinized ‘looming shortages’ announced by the NSF in the 1980s.
The H-1B visa program presents another ongoing debate. Foreign workers are in
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general younger workers in their 20s or early 30s and while hired under an H-1B visa,
many may be working for the same employer as they are waiting for the green card
(NRC, 2001). At the same time, there are legal loopholes that allow mainstream firms to
pay foreign workers a lower wage compared to American workers with comparable skills
(Matloff, 2013a). Not everyone would agree and to quote J. Rothwell (personal
communication, October 28, 2015), who “tends to disagree with the most vocal,
oppositional critic of the H-1B program, who have claimed that most H-1B workers are
paid below the market price, undercutting American workers”, it forces us to ask what is
the main motivation for hiring H-1Bs. Similarly, to quote S. Ezell (personal
communication, October 2, 2015), in that “we’re graduating only as many [computer
science] graduates as we did a decade ago” raises another question of data reliability.
Prominent think tanks and organizations get a lot of funding from multinational
corporations. That said, Stephan (2012) would argue that “shortages are often predicted
by groups who have a vested interest in attracting more students to graduate school and
into careers in science and engineering” (p. 165). For the same reason, it might also
explain why in my series of interviews with researchers and experts, N. Smith (personal
communication, September 29, 2015), J. Rothwell (personal communication, October 28,
2015), S. Ezell and A. Nager (personal communication, October 2, 2015) all stated that
there was a shortage, in most instances with a focus on IT workforce. When asked
whether the STEM shortage was general or specific to some occupational fields, they
agreed that there were shortages in spot areas. It forces us to ask whether the narrative
about shortages is exaggerated to some degree. It raises suspicion asking how much of it
is governed by vested interests in pushing for more STEM graduates and for hiring
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foreign workers with H-1B visas, for example. A direct implication for workers in tech
fields is that H-1Bs are suppressing wage growth (Matloff, 2013a; Stephan, 2012) and
increasing the age discrimination for workers over age 35 (Matloff, 2013a; 2013b). The
implication of foreign worker programs in IT fields is an “internal brain drain” (Matloff,
2013a, p. 223) of the American best and brightest, which could have dire consequences in
the long run as the human capital stock of skilled human resources will require time to be
replenished at some point in time. However, N. Smith (personal communication,
September 29, 2015) would argue that because there is a shortage in STEM capabilities
and STEM credentials the duration of their stay after graduation should be reevaluated
and extended, if they are in fact such an asset. Similarly, A. Nager (personal
communication, October 2, 2015) and N. Smith (personal communication, September 29,
2015) see that foreign students are a huge win for the U.S., and they are being sent back
after graduating. To quote A. Nager (personal communication, October 2, 2015), these
are “huge national resources that we should be taking advantage of” (A. Nager, personal
communication, October 2, 2015).
While the assertion of a tech labor shortage creates a misguided debate founded
on no evidence, engineers in the United States do a double-take, they don’t understand
why there is a shortage even though some engineers think there is (H. Salzman, personal
communication, September 29, 2015; R. Hira, personal communication, October 6,
2015). That said Dr. William J. F. Hunter, Director of the Centre for Mathematics,
Science and Technology at Illinois State University reports otherwise, in that the Illinois
Department of Transportation has partnered with the Illinois Mathematics & Science
Partnership to recruit students into engineering. Coincidentally, the average age of that
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engineering workforce is 56 years old. Along those same lines that shortages in STEM
are not evident, Dr. Hunter adds that Cummins Inc , ComEd – a unit of Chicago-based
Exelon Corporation –, and Rolls Royce are offering internships to engineering students,
where nearly 80 percent of those interns are able to get permanent employment offers.
Although shortages may exist in some specific areas of expertise, how can the narrative
and the evidence about shortages of STEM talents be reconciled in order to get an
accurate picture of the real phenomenon that transpires from the difficulty employers
have and are frustrated about by not able to recruit workers with sufficient experience
and specific technical skills?
The implication that derives from the lack of indicators of a shortage and how the
narrative on shortages has been able to push for more STEM and shape the public attitude
makes one ponder the question as to why some proponents of STEM shortages would
want foreign students to stay in the United States, while American students are leaving
STEM and H-1B workers are serving the on-demand needs of the industry. To quote A.
Nager (personal communication, October 2, 2015), “a lot of time, the industry does not
realize what they need, hard to know what the capabilities of an engineer are”. However,
Americans are also displaced at the PhD level, where the number of post-docs has been
increasing, including in engineering. H. Salzman (personal communication, September
29, 2015) questions, “What do we do with too many PhDs and lousy career prospects?”
With PhD scientists having a 15 to 45 per cent chance to becoming a scientist and earning
an annual wage of less than $50K with student loans to pay back, it seems to cast a
gloomy vision about STEM in the United States and its citizenry. In the meantime, career
prospects are veering toward a more prominent service sector of the economy, including
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the finance industry, for example, which is a huge consumer of STEM (A. Nager,
personal communication, October 2, 2015). The biggest problem, S. Ezell (personal
communication, October 2, 2015) notes is when students switch out to non-STEM fields,
causing a leaky pipeline in STEM education programs, where “about 50 per cent [of the
students choosing STEM programs] do not graduate with a STEM major.” In broader
terms, the human capital capacity seems to be eroding under the full power of politics and
economics. While domestic policies in the United States recognize a shortage and try to
respond to it by creating incentives for STEM graduates (N. Smith, personal
communication, September 29, 2015), it forces us to ask if policies are really addressing
the problem when short-term gains seem to supersede many of the conversations that
recognize the huge potential that women, under-represented populations and older
workers may bring to meeting workforce demand. Indeed, inconsistencies in defining
STEM may give the impression that women are well represented; however, this may be
skewed by the fact that health disciplines are included in STEM in Australia. Women
account for almost 80 per cent in health disciplines in Australia (Freeman, 2015). In
Germany, for example, women are largely represented in health care as well and in
education or social affairs (Belitz et al., 2008).
To dovetail on the inconsistencies in defining STEM, the complexity in defining
STEM and clearly delineating it since STEM tends to be more and more woven into
subject areas, including technology and engineering, for example, not all researchers and
scholars agree that there is too little STEM workforce in the United States. They note that
shortages exist in occupational groups that may or may not always require a bachelor’s
degree, such as in service, production, transportation and other occupations. Regardless
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of whether a bachelor’s degree is required or not to do the job, how do STEM-related
occupations at the sub-bachelor’s level can be part of the STEM shortage equation? One
direct implication that emerges from this level of complexity is how granular can the
definition of STEM be for those four de facto core disciplines, known as Science,
Engineering, Technology, and Mathematics, that are heterogeneous in nature and
representation by most jurisdictions, internationally (Freeman, Marginson & Tytler,
2015) in order to still be understood, in part, by all stakeholders, from policymakers,
industry groups, professional associations, unions, researchers and scholars? What
happens when industry seeks to recruit a qualified workforce that is not available and
coordinates its efforts with the local college or university? The industry may be looking
to recruit workers, who install, calibrate, wire, and maintain solar panels; who build and
use spreadsheets to determine appropriate financial forecasts and production level; who
determine the correct composition and spreading of fertilizer in a field of corn. Can all
those individuals be categorized as STEM workers? R. Hira (personal communication,
October 6, 2015) would respond that a production worker is not typically a STEM
worker, that a welder is not a STEM worker by anyone’s definition, “otherwise, you can’t
do any analysis, if you can’t draw any boundary.” This raises a fundamental question that
is how broad can the definition of STEM be in order to still make sense for every
stakeholder to be able to have a debate based on a common analytical framework?14
Indeed, the more precise STEM can be defined and delineated could help better answer
what the adequacy of STEM skills is vs STEM-related vs non-STEM skills. The
14

The researcher will return to these issues in the recommendations section of this final
chapter
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infiltration of STEM skills in non-STEM fields is likely going to muddy STEM, which is
already confusing to practitioners in its meaning and context (Koehler et al., 2016;
Sanders, 2009). The direct implication to this changing nature of the labor market is to be
able to evaluate how much of STEM plays out in these types of occupations that are more
tangential compared to occupations that fit within a reasonably bound definition.
Nonetheless, as the main objective is to increase the number of STEM graduates,
the United States is largely a market economic system and while the short-term rationale
may be to produce more engineers, is there a clear answer to how many engineers are
needed? Does the United States run the risk to end up with too many engineers (R. Hira,
personal communication, October 6, 2015)? By and large, the study has indicated spot
shortages in STEM fields within specific areas of expertise rather than general shortages.
Such spot shortages can be in the semiconductor sector or in specific engineering and
technology that may be highly cyclical in the United States or in specific engineering
such as mechanical or electrical engineers with a combined knowledge in software
development in Germany, for example. Marginson et al. (2013) refers to ‘episodic’
shortages in Australia that exist in engineering and computing.
In light of the America COMPETES Act, which included provisions to increase
the number of STEM graduates, federal incentives for STEM programs have filtered
down to colleges and universities. As the cost in education in STEM programs tends to be
the most expensive (AIR, 2013) to teach, to pay faculty higher wages, to run and
maintain laboratories, etc., it makes one ponder the question when the cost of education
in STEM fields will be out-of-reach for U.S. students, if it is not already. Placed within
the context of STEM shortages, claims may not help in attracting students into STEM
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and so do wages not being bid up, highly cyclical engineering employment, the long
years of doctoral studies, followed with more frequent post-doctoral work, for example.
All of these factors may not align with U.S. students’ aspirations from pursuing a career
in science. To become a research scientist may not be for everyone; however, colleges
and universities’ buy-in in ‘pushing out’ graduates to drive the economy (MckeownMoak, 2013) raises the question about how sustainable those practices are in light of the
moral responsibility (Osborne & Dillon, 2008) that education systems have in the
formation of the societal benefit that derives from STEM education. With greater cost in
educating STEM graduates, it forces us to ask how the advocacy role of career services
and accountability at colleges and universities respond to the challenges and expectations
of the ‘real world’. Along those lines, how are advising best practices coordinated with
the curriculum and choices of electives? R. Hira (personal communication, October 6,
2015) tells his students to plan their career very carefully and to engage professionally.
Although human capital is even more important today for U.S. policy, in terms of
workers’ mobility, for example, the narrative about STEM shortages in engineers that
large corporations are advocating for is one thing, it is another thing for U.S. government
officials to present information objectively to millions of Americans, including teachers,
parents and students of different ages to portray STEM as a promising career endeavor,
well knowing that the “real opportunity requires every American to get the education and
training they need to land a good-paying job” (White House, 2016, para 21); it remains
puzzling how people can believe in that opportunity in acquiring “the skills today’s
employers are looking for to fill the jobs that are there right now and will be there in the
future” (White House, 2013b, para 45) after totaling the cost of their education.
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Recommendations
“A coordinated strategy begins with the development of a coherent framework that
everyone understands” (Baker & Vogel, 2004, p. 8). These recommendations are directed
at proponents of STEM shortages, researchers and pundits, who share different
viewpoints15 on the current and ongoing debate over STEM shortages. Recommendations
are suggesting how further actions about STEM could be taken at the federal and state
level within the global setting.
1. There is an urgent need to better define what STEM means and whether the
grouping of the four de facto disciplines, known as Science, Engineering,
Technology, and Mathematics still make sense today.
Recommendation One would be to help formalize a more comprehensive and
unbiased definition of STEM. From its origin in government policy in the early 1990s,
STEM is still confusing to practitioners in its meaning and context (Koehler, Binns, &
Bloom, 2016; Sanders, 2009). While N. Smith (personal communication, September 29,
2015) describes STEM as being its own machinery, it makes one ponder the question
about its meaningfulness –it is largely political– as STEM includes so many suboccupations under a grouping of disproportionally represented disciplines. Although
STEM is more powerful as a group as N. Smith (personal communication, September 29,
2015) and J. Rothwell (personal communication, September 29, 2015) would argue, as
opposed to having ‘T’ by itself, how long can the debate continue without clearly
15

It is important to note that individuals’ viewpoint about this ongoing debate over
STEM shortages is not clear cut; opinions may differ between professionals –engineers,
for example– researchers and scholars.
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defining STEM or rather disregarding it entirely and advocate for supply and demand to
be based on the discipline itself other than as a group? By and large, the definition of
STEM seems elusive. STEM is heterogeneous in its representation and defining it might
be a bit more complicated than it seems when faced with occupational skills that may not
exactly fit the criteria set for a particular occupation since STEM tends to be more and
more embedded in various subject areas. However, these occupations can also be the
ones that employers are frustrated with, since they cannot find workers with adequate
skills. While there is a need to define STEM within reasonable boundaries in order to set
the public policy and run analyses on a commonly agreed framework, there could always
be a few gray areas in STEM workers’ skills and competencies, particularly when an
occupation could define the possibility of a distinct labor market (Cohen, 1995) in light
of rapid technological developments that emerge from globalization. For example, a
welder is not a STEM worker by anyone’s definition, R. Hira (personal communication,
October 6, 2015) would comment. The same may be for someone, who installs,
calibrates, wires, and maintains solar panels. In addition to educational level
requirements, some occupations may be more tangential to how STEM is delineated;
however, reaching out for a common understanding of this social construct –STEM – will
definitively remain a challenge. Defining what STEM means is a priority in order to
prevent any misleading interpretation of what shortages are about, in nature and in
composition.
2. Engage in statistical analyses objectively to most accurately track how human
capital is utilized by industry in alignment with STEM curricula.
Recommendation Two would help answer anecdotal opinions shared by STEM
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workers, who see the real STEM crisis being a lack of demand (Hira, 2010). The absence
of a standard definition of STEM has a direct impact on data and how data are reported
by various groups that have a vested interest. ‘S’ and ‘E’ account for about a third of
STEM; ‘T’ accounts for over half. While determining whom is included in STEM and
what disciplines count as STEM may be a matter of interpretation, it is nonetheless very
much influenced by multinational corporations that fund non-profit organizations and
think tanks. Teitelbaum (2003) recommends that researchers must “encourage objective
appraisals of current career paths, as well as innovations in higher and continuing
education” (p. 53). If federal incentives for STEM programs are predicated on the levels
of enrollment at colleges and universities, how do those efforts translate when the
deployment and utilization of STEM graduates’ human capital by industry is not readily
apparent from the data (Marginson et al., 2013)? Marginson et al. (2013) see that “the
manner in which, and the extent to which, graduates’ human capital is utilised at work,
industry by industry, in the short- and long-term – remain largely a ‘black box’ for
research” (p. 126).
3. Encourage the use of a vetting process for publications in STEM (or MINT).
Recommendation Three would help instill transparency in reporting evidence,
particularly when analysts who may have a vested interest muddy data to support the
narrative of a shortage despite the absence of clear and consistent evidence. While it may
take time to dissect long reports, do reports exhibit sufficient transparency to replicate
analyses?
4. Invest in geographically ‘sticky’ type of investments (R. Hira, personal
communication, October 6, 2015).
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Recommendation Four would help alleviate STEM shortages in regions where
people are left behind, when corporations move their headquarters out of the area or
overseas, for example. The human capital side of STEM is more important today from a
policy perspective than it may have been in the past because U.S. workers tend to be
much less mobile than corporations (R. Hira, personal communication, October 6, 2015).
This recommendation aims to clearly bring in evidence that there is a conflicting interest
between education as the supply source of human capital and industry as the demand for
qualified workers.
5. Explore strength and relationships between career services, advising and the
curriculum at colleges and universities.
Recommendation Five would be to explore methods and policies that would
support the integration of career services with advising and the curriculum at colleges and
universities in guiding students in their career path for employment readiness.
Future Research
The debate about STEM shortages is not unique to the United States. The study
intended to bring contrasted views to the debate from two other OECD countries that
share a common denominator –the Humboldtian model– associated with a common past
with a vision of science and the migration of German scientists. Through the
historiography of STEM and the programs and policies surrounding its development in
higher education, in almost a century, future research topics can be identified.
Suggested topics for future study are as follows:
1. The discussion on the needs of technically trained personnel has been an
important part of the study. The study has discussed the role of scientists from the early
176

years of the twentieth century, when working as military personnel to the emergence of
scientists from Europe before World War II and academic researchers, who were
mobilized during the war to work on research and development projects at their
institutions and remunerated for their service. Nonetheless, to quote R. Hira (personal
communication, October 6, 2015), “the military aspect is much understated, because if
[the United States] loses the electronic sector, technology superiority [is lost]”. How does
the role of the military transpire in protecting nationally critical technologies within a free
trade and free market environment?
2. While the need to establish a coherent definition of STEM is fundamentally
important to frame the policy discourse in its appropriate context and have proponents
and researchers working together under a common analytical framework, reaching out for
that common understanding of STEM would be key to formulate education policies and
programs. The infiltration of STEM skills in non-STEM fields is likely going to muddy
STEM, which is already confusing to practitioners in its meaning and context (Koehler et
al., 2016; Sanders, 2009).
3.

In the United States, the ‘T’ part of STEM is a very specialized field that can be

entered without a formal education. ‘T’ also has the lowest credit STEM requirements of
any STEM field (H. Salzman, personal communication, September 29, 2015). Although
technology is embedded in almost every facet of one’s life today, it can also be picked up
very rapidly. How do the educational requirements for ‘T’ translate within higher
education and how do they exactly transpire despite political motivations?
4. Explore and analyze the demand side by developing a mixed method study
conducted by interviewing employers in STEM areas, to inform how the current policies
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are aligning with practices and how the study could formulate revised or new policies and
practices.
5. A study conducted on the formation of STEM skills and their utilization in
industry sectors based on the demand of such skills could help better align supply and
demand. The study could help better understand the drivers of industry demand for skills
respective of how they fit within STEM and to anticipate future skills needs.
6. Lastly, extend the country comparison from United States, Australia and Germany
by shifting the focus to countries that tend to most generally supply students and migrants
workers in STEM fields, namely China and India.
Conclusion
The rhetoric of STEM workforce shortages in the United States has a direct
impact on scientific and technological innovation and education. Similar concerns apply
in Australia and Germany. In all three cases, the discourse is heavily framed in human
capital terms despite contextual differences relative to the political, economic and social
characteristics of each nation, operating within the larger context of a more integrated
competitive global knowledge economy. Most importantly, the study has shown that
STEM is a currency used to serve vested interests in support of the political discourse
about STEM shortages. Associated with claims about a lack of supply in STEM
workforce, with a focus on STEM graduates with at least a bachelor’s degree or higher,
the legitimacy of such claims has been questioned by researchers and pundits, who
disagree with these claims, particularly due to the lack of empirical evidence that has
been feeding the current belief of widespread labor market shortages in science and
engineering occupations. Nonetheless, not all professionals –engineers, for example–
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researchers and scholars agree that there is too little STEM workforce. One parallel
argument is the lack of reliable and consistent data coupled with the fact that there are
many definitions of STEM, but no standard definition. To quote H. Salzman (personal
communication, September 29, 2015), “STEM is an acronym that has a political meaning
rather than scientific or policy meaning”. How STEM is defined, and thus how empirical
evidence is obtained and relevant to the real situation, particularly when an occupation
could define the possibility of a distinct labor market (Cohen, 1995) adapting to rapid
technological developments in a global setting, is at the core of the rhetoric.
In light of these uncertainties alongside a nebulous definition of STEM, the
debate over STEM shortages is ongoing and tends to be polarized, namely with wages.
By and large, the study has nonetheless indicated spot shortages in specific occupational
STEM fields, niche markets, industry sectors and geographical areas rather than general
shortages. That said lessons from the past about predictions emphasizing the lack of
supply in STEM scholars and employees have not deterred proponents of shortages in
their continuous efforts to publicize long-term labor-market projections for scientists and
engineers. At the same time, demographic changes are a common concern for the United
States, Australia and Germany. However, it is uncertain from the policy-side of STEM
whether the participation of women, under-represented populations, and seniors has been
fully assessed in their potential to increase a nation’s talent pool. Extending the talent
pool to the immigrant labor force, namely from China and India, the ‘push’ and ‘pull’
drivers of immigration (Salzman, 2013) have fueled the rhetoric of STEM shortages in all
three countries as a means to suppress wages and drive economic growth. However, the
migration of foreign workers is not as simple as it seems, as it has engendered tensions
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with unsubstantiated STEM shortages and issues of social integration that remain critical
in places such as Germany, for example. Despite the plethora of reports and studies on
STEM shortages in the United States, Australia and Germany, it may be difficult to
clearly assess the long term impact of reforms. The discourse in Australia and Germany
tends to be more tied to the government and organizations while there tends to be a
greater mix of information sources in the United States, making the discourse harder to
decipher.
As federal investments in STEM programs and initiatives aim to expand a STEM
talent pool in the United States, it remains to be seen whether STEM education is well
connected with the demand of a high-skilled STEM workforce in different sectors of the
American economy. This ongoing debate will persist to be a challenge and while either
side could be right, it is critical that bipartisan policy discussions be articulated on a
common analytical framework to be able to frame the discourse in order to define and
substantiate STEM and the values it brings to society. I believe that this is a contentious
discourse. We need to all agree on what STEM is. This discourse may have no end in
sight, it is nonetheless critical that “persuading young people to pursue careers in science
without the evidence of demand [and a rationale based on a lack of consistent data and
moveable labor markets across the globe] would be morally questionable” (p. 7). That
said, can the United States sustain the myopic enterprise for greed by substituting the
livelihood and aspirations of its people for science with on-demand labor practices? It is
the responsibility of government officials to build public trust and provide solid objective
data to inform people, if at all possible.
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APPENDIX A
INTERVIEW QUESTIONNAIRE
1. In the U.S GAO (2007), it is noted that the United States “has long been known as
a world leader in scientific and technological innovation” (p. 267), how critical is
STEM (Science, Technology, Engineering and Mathematics) to the United States
on the world stage competitiveness relative to investments in science, technology
and education?
2. What are the U.S. concerns in terms of global positioning and scientific capital in
sustaining its hegemonic power?
3. How does the rhetoric of a STEM workforce shortage play out in the United
States from the perspective of the US economy and its dependence on STEM
workers to keep its vibrancy and the bipartisan theme in public policy
discussions?
4. Bush (1945) had expressed that “without scientific no amount of achievement …
can insure our health, prosperity, and security as a nation in the modern world” (p.
11). With this in mind, corporate leaders, lobbyists, and universities are arguing
that there are serious shortages of scientists and engineers in the United States,
however researchers maintained that no clear evidence can substantially support
those claims and that more scientists and engineers graduate from U.S.
universities than positions can guarantee their employment. As a researcher, how
do you approach these differences in opinion and what are the major tenets of
these claims?
5. As of the 1920s, American science was marked by the “advent of science-based
university and the professionalization of the scientific community” (Owen, 1997,
p. 832). Although the scientific power was progressively shifting from Europe to
the United States, the American industry would hardly meet any competition until
the mid-1960s (Atkinson & Blanpied, 2008), marked by an increasing
competition from Europe and Japan. Also, the years of the Cold War raised a
national interest for science in contrast to the argument that STEM is a ‘leaking
pipeline’ today.
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a. Can we speak of fear or a defensive attitude extending to markets like
China and India, for example the signing into law the America
COMPETES Act (2007) to improve STEM workforce and provide the
capacity to expanding the talent pool?
b. Can we speak of a weakness in the fundamentals of STEM education and
workforce in the United States (Galama & Hosek, 2003)?
c. Can we speak of a generalization of STEM shortages, dismissing the
predicated shortages in specific occupational fields?
6. Part of the literature review indicates an overemphasis of high-skilled workers
and at the same time undermines the important role sub-bachelor’s level STEM
workers play in the US economy. Rothwell (2013) asserts that “vocational or
practical training in science and technology” (p. 2) is not being assessed.
Researchers have spoken of a dearth of evidence to differentiate accepted facts
with empirical evidence. Are there any forces at play that prevent us from
adequately addressing the evidence behind these claims?
7. While offshoring may be a relatively recent phenomenon, the hiring of foreign
workers by US industrialists, who brought in European tradesmen in the early
twentieth century is not too different from today’s practices, including the
incurred cost savings in labor while producing highly engineered products. How
do you see those practices coincide with the behavior of those industries in terms
of employment, when employers cannot fill positions with high skilled workers to
meet demand in rapidly advancing STEM career fields, therefore feeding into the
rhetoric of a STEM shortage?
8. How do these transformative models of doing business and negotiating education
credentials in an era of globalization influence the rhetoric of a shortage in STEM
workforce in the United States when compared with other labor markets like
China and India and the hiring of H1-B visas for example?
9. Part of the literature review indicates that wages have not being bid up (Shierholz,
2014). Also, Camarota and Zeigler (2014) indicate that “over the entire period of
2000 to 2012, real hourly wages (adjusted for inflation) grew on average just 0.65
percent annually for those with only a bachelor’s degree and 0.71 percent for all
STEM workers” (p. 13; Figure 7). Could this indicate a pattern of a short supply
of STEM workers in the United States?
10. Looking back at how STEM evolved from the NSF in the 1990s from the original
acronym SMET, the four letters of STEM are also used interchangeably by
different audiences, including the disciplines STEM includes. Is it possible that
this compartmentalization of academic disciplines into a four-letter acronym fuels
the biased rhetoric of a STEM shortage and remove the multidisciplinary benefits
of integrated curricula “to studying grand challenges of our era” (Moon &
Rundell Singer, 2012, p. 31)?
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11. How much leverage could the ‘T’ in STEM have as “a defining driver of
productivity in business and industry” (BHEF, 2011, p. 1) in supporting the
rhetoric that feeds the public expectations for its standard of living, health and
security?
12. How does the changing demographic distribution impact the workforce supply?
13. In light of becoming a scientist today, Teitelbaum (2003, 2014a, 2014b) speaks
about the long years when a student foregoes earnings, for example, in biomedical
research compared to non-STEM fields to which more students seem to rally to.
a. What does it take to become a scientist today? Has it become a
profession of elites made of people willing to face low demand market
offer and wage and be at risk, in part due to diminishing federal funding,
in the pursuit of their dream*?
b. How can the status and appreciation of scientists be elevated in
comparison to the cache that law, medicine, or high finance have?
c. How can the appeal or inspiration to pursue a career in a STEM field be of
value in American society today and help alleviate the ‘knowledge gap’
that may contribute to the rhetoric of a skilled STEM shortage?
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APPENDIX B
SEMINAL DOCUMENTS
This appendix identifies a series of seminal documents, including reports, books
and articles that have helped place the current narrative within the constructivist
framework of this education policy study. These documents are organized by country,
namely United States, Australia and Germany, respectively. For each country, documents
pro et contra the narrative of STEM (or MINT) shortages are as follows:
United States
Two politically influential reports have played a pivotal role in structuring this
discourse. Each of the two reports presents STEM shortages as critical for the United
States.
Reports
Tapping America’s Potential: The education for innovation solution (2005).
The report was published in July 2005 by a coalition of industry associations led by the
Business Roundtable. Addressed “To Leaders Who Care about America’s Future”, this
resonated as alarming in that “the United States is in a fierce contest with other nations to
remain the world's scientific leader” (p. 1).
Fourteen signatories were included in the formulation of this report, including
influential business organizations such as the National Association of Manufacturers,
Information Technology Industry Council and the Semiconductor Industry Association.
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The report makes use of ominous observations while recalling the Soviet Union's
launching of Sputnik I in the 1950s, stating that “history is replete with examples of
world economies that once were dominant but declined because of myopic, selfdetermined choices” (p. 5). Based on this state of panic, the brief report contains a series
of recommendations addressed to federal, state, and local governments, along with
business with the intent to boost the number of scientists and engineers entering the U.S.
workforce by:
a) Building public support for making STEM performance a national priority
b) Motivating U.S. students and adults, including underrepresented populations to
pursue STEM careers
c) Upgrading K–12 mathematics and science teaching to foster higher student
achievement
d) Reforming visa and immigration policies to enable the United States to attract and
retain the “best and brightest” STEM students from around the world to study for
advanced degrees and stay to work in the United States
e) Boosting and sustaining funding for basic research, especially in the physical
sciences and engineering
As the goal of the report had been to “Double the number of science, technology,
engineering and mathematics graduates by 2015”, Tapping America’s Potential now has
a goal, that is to “Increase the annual number of U.S. science, technology, engineering
and mathematics bachelor’s-level graduates to 400,000.” More information about
Tapping America’s Potential can be accessed at http://tapcoalition.org/ , including
statistics from a revolving earth with the caption “Are we falling behind?”
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Rising Above the Gathering Storm (2005). This might be “one the most
politically influential reports ever produced by a National Research Council committee”
(Teitelbaum, 2014a, p. 19). An early draft was written and circulated in 2005. The draft
was written on a very short timetable (within 10 weeks), which did not allow the
committee to conduct a thorough analysis. A final hard copy was published in 2007 by
the National Academies Press.
The ad hoc committee was chaired by Norman R. Augustine, former chairman
and CEO of Lockheed Martin Corporation and former Under Secretary of the Army, was
largely represented by industry leaders, presidents of major research universities,
scientists or engineers, and several other highly influential individuals. In ten weeks, the
Academies were asked for prompt responses to the following questions:
a) What are the top 10 actions, in priority order, that federal policy-makers could
take to enhance the science and technology enterprise so that the United States
can successfully compete, prosper, and be secure in the global community of the
21st Century?
b) What strategy, with several concrete steps, could be used to implement each of
those actions?
In light of a very short timetable, the conclusions and recommendations drawn in
the Gathering Storm report were quite similar to the other report from July 2005.
Recommendations were as follows:
a) Increasing the U.S. talent pool, including America’s teaching profession in K-12
science and mathematics education
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b) Sustain and strengthen the nation’s traditional commitment to long-term basic
research
c) Recruit and retain the “best and brightest” students, scientists, and engineers from
within the United States and throughout the world
d) Ensure that the United States is the premier place in the world to innovate by
providing tax incentives (doubling tax credit) and change intellectual-property
laws that act as barriers to innovation in specific industries, for example,
pharmaceuticals and information-technology for data and litigation
While “the United States faces an enormous challenge because of the
disadvantage it faces in labor cost”, the committee sought out ambitious new public
policies, in part, wanting to “institute a new skills-based, preferential immigration
option”. The push for “best and brightest” extends to “provid[ing] a 1-year automatic visa
extension to international students who receive doctorates or the equivalent in [STEM],
or other fields of national need at qualified US institutions to remain in the United States
to seek employment.
At the same time, the committee sought to “increase the number of US citizens
pursuing graduate study in “areas of national need” by funding 5,000 new graduate
fellowships each year”. Other incentives would be allocated for competitive
undergraduate scholarships each year to US citizens attending US institutions. Lastly,
another public policy called for greater federal investment in long term basic research by
10% a year over the next 7 years.
In concluding, the committee draws a negative outlook for America to compete
for quality jobs, thus leading to the publication by the National Academies Press of the
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Rising above the gathering storm: Rapidly approaching category 5 - a metaphorical and
sinister call to a situation that proved to have not being based on empirical evidence and
careful analyses conducted by researchers and advocates that have shown no credible
evidence to such alarming concerns.
Books and articles
The authors listed present different viewpoints. The STEM report by Carnevale,
Smith, & Melton (2011) presents STEM shortages as critical. The other leading experts
on STEM shortages have steered the conversation in a slightly different direction, stating
there are no general shortages of STEM workers, not excluding that shortages may exist
in specific fields.
Anthony Carnevale, Nicole Smith, and Michelle Melton (2001). The report by
Carnevale, Smith, and Melton (2011) at the Georgetown University, Center on Education
and the Workforce is very often cited in U.S. debates about STEM workforce shortages.
The report raises critical perspectives from a variety of angles, including higher education
and sub-baccalaureate levels even though the latter may often not be part of STEM
discussions and definitions. However, these broad perspectives could mask marked
differences in growth and competencies among particular STEM occupations across
levels that could lead to not being able to address the problem with the ideal solution.
Most importantly and the report identifies this gap, is that what is really at stake in the
current debate over the existence of quantifiable STEM shortages is an important
question regarding a national strategy for sustaining economic innovation in the United
States” (p.7).
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Hal Salzman. He has written several articles about STEM shortages. In the 2007
report, Into the eye of the storm: Assessing the evidence on science and engineering
education, quality, and workforce demand, he and Lindsay Lowell have disputed that
there are STEM shortages at the aggregate level and point to shortages only in specific
fields or by minority groups. Salzman (2013) continues to question the narrative in his
article, What shortages? The real evidence about the STEM workforce. Similar to my
interview with him in September 2015, getting to understand the history of skill shortages
is critical, particularly when the 2005 report by the NRC, Rising Above the Gathering
Storm and the Category 5 five years later were able to shape the public opinion about
STEM workforce shortages in the U.S. that can only be solved by increasing the flow of
guest workers –it is nonetheless important to distinguish between immigration and guest
workers.
Salzman (2013) maintains that “researchers have time and again examined such
claims and failed to find much evidence to support them” (para 16) while “proponents of
supply crisis claims push even further, arguing that STEM is a ‘leaking pipeline’” (para
20). Lastly, looking at the supply crisis more broadly in that demand is not met, Salzman
(2013) asserts that “the nation graduates more than two times as many STEM students
each year as find jobs in STEM fields” (para 19).
Hal Salzman’s work has led him to present before the United States Senate
Judiciary Committee in February 2016. In his speech, he reinforced the fact that the
increasing disharmony between the immigration policy and guest worker programs
clearly intends to reduce the cost of doing business for industry despite evidence of
questionable claims of shortages.
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Michael S. Teitelbaum. He has been very influential in setting the discourse in
this study. His book, Falling behind? Boom, bust, and the global race for scientific talent
has been a critical piece and quite comprehensive to understanding the current debate and
guiding this education policy study.
Norman Matloff. He raises critical issues regarding the immigration of H-1B
workers, who are seen as the “best and brightest” in light of older American workers,
who may be unprepared for the job since they have not kept up with their skills. Matloff
(2013a; 2013b) speaks about the increasing age discrimination for older workers. Shared
by other leading experts on the STEM workforce, training appears to be a distraction to
the real problem as many legal loopholes exist to suppress wage growth by paying
foreign workers less.
Paula Stephan (2012). She sets out to explain how economics has a lot to do with
science. More specifically related to whether there are shortages of scientists and
engineers, Stephan looks back at the “looming shortages” predicted by the NSF in 1989
before elaborating on the issues of shortages as they tend to be predicated by groups with
a vested interest. Interestingly, Stephan (2012) notes that the Rising Above the Gathering
Storm report “stressed measures that would enhance the demand for innovation and, by
extension the demand for S&E workers” (p. 165) as opposed to emphasizing on supply
only. In that chapter, Stephan introduces an external perspective in that predictions of
shortages are not limited to the United States, they occur in Europe as well, being subject
to political events in Germany, for example, with the Berlin wall.
Richard B. Freeman. The United States has seen a declining number of science
and engineering graduates as opposed to European and Asian universities, particularly
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from China. Not only the job market for young graduates in S&E fields has changed –the
job market is also no longer the same for older qualified STEM workers –, there has been
a greater influx of immigrants. At the same time, there is the issue of income between
low income countries and technologically advanced countries; a phenomenon that has
been an attractive proposition for offshoring IT jobs to India, high-tech firms locating
R&D facilities in China and India and multinational corporations to set foot in
developing countries to lower cost of production. However, the transition period to
rebalance the spread of science and technological knowledge from other parts of the
world in light of U.S. hegemony will likely take some time to recover. Freeman (2006a)
states that comparatively to foreign nations where the number of scientists and engineers
is increasing, “the U.S.'s comparative advantage in generating scientific and engineering
knowledge and in the high-tech sectors and products associated with that knowledge will
decline” (p. 148).
Looking back at the early 2000s, demographics changes had raised concerns
about possible shortages of labor. The National Association of Manufacturing and the
U.S. Chamber of Commerce, for example, stated that the lack of skilled workers and the
increasing numbers of retiring baby boomers would lead to serious consequences. With
that in mind, Freeman (2006b) sees that these concerns do not quite compare to the
impact that the increased supplies of skilled labor in low wage countries will have on
U.S. workers, in that “implications would go far beyond assuring that business obtains
the labor it may seek 10 or 20 years down the road without incurring higher wages” (p.
3).
In sum, Freeman (2006b) concludes drawing from the perspective of three areas
214

of focus that have fed into the discourse about labor shortage relative to a changing
global economy.
1. The logic of labor shortage analyses is flawed as it is imperative to take into
consideration the impact of global knowledge economy
2. Projections of future demands for skills lack the reliability to guide policies on
skill development, including how technology has greatly influenced industry
practices and handling of skilled workforce relative to earnings
3. Demographic changes have not historically been consistently associated with
changes in labor market conditions
Ron Hira. As Hira (2010) states, “there is no need to belabor the importance of
the STEM workforce … [and] the critical role [it plays] in increasing our standard of
living, ensuring national security…” (p. 949). The main dilemma is how the continuing
rhetoric is articulated as a bipartisan theme, divided on one side of the aisle by
corporations and university leaders, who share the consensus of a growing shortage of
domestic STEM talent as a threat to national security and the like and on the other side
leading experts like Ron Hira and several others who would disagree. Most importantly it
is to see how much attention has been given to this topic by policymakers and the
literature that ensued from those decisions, including very highly politically influential
reports that have received very little scrutiny, yet have shaped public attitude about
STEM shortages in spite of “deficient and stale data, untested theories, and poor
predictions and often disregards distributional impacts” (Hira, 2010, p. 960).
Ron Hira’s work has led him to present before the United States Senate Judiciary
Committee in March 2016, in part, about the immigration of high-skilled workers in the
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U.S. in light of several corporations and universities “exploiting loopholes” regarding H1B rules in order to bypass the set cap.
Yu Xie and Alexandra A. Killewald (2012). Is American Science in Decline?
The authors find no evidence of a general shortage of scientists and engineers in the
United States. Instead, they see a glut of young scientists with poor career prospects,
which inevitably tends to lead to low wages and a lack of aspiration for science, contrary
to the years following World War II. Globalization has had a profound effect on nations
and has led to an increasing immigration of scientists to the United States. Nonetheless,
globalization may benefit scientific progress in a collaborative fashion.
Australia
The authors listed present STEM from different perspectives. The AiGroup report
resonates with a similar tone as the Rising Above the Gathering Storm, somehow. Simon
Marginson presents stimulating international perspectives on STEM. His writings have
been very insightful in guiding the education policy study on STEM.
Report
Australian Industry Group (2012). The AiGroup is a nonprofit group
representing some 60,000 businesses in Australia. The report called for “a major re-think
by Australian education at all levels and in all sectors” to increase participation in STEM‐
related education and training. Survey results from the AiGroup (2012) indicate that the
industry has difficulties to recruit STEM-skilled ready technicians and trade workers. The
tone of the report raises concerns, simply by reporting on a comment made at a AiGroup
focus group, that:
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In Australia you tend to get people that are experts in their field, but they
can’t see left and they can’t see right of what they’ve actually done and the
skills…in engineering you have to be able to look to the left and to the
right to be able to put things together….And I think it’s that part that’s
missing in the education sector. (p. 2)
Along those lines, concerns in secondary education are raised as well. That said,
Vice‐Chancellor Gavin Brown, University of Sydney stated in The Australian on March
10, 2010, “The state of maths and science at Australian schools and universities has
deteriorated to a dangerous level.”
That said the Australian Workforce and Productivity Agency (AWPA) joins the
conversation about the low student participation in STEM. Interestingly, the AWPA
developed the new Skills Occupation List (SOL) in 2010. The SOL was created for the
Commonwealth government’s Department of Immigration and Citizenship General
Skilled Migration Programme.
The report continues with a Survey of Workforce Development Needs from 2012,
emphasizing on primarily two inadequacies in recruiting qualified STEM workers, the
lack of STEM skilled workers and their lack of workplace experience. One other category
of relatively similar percentage is identified as “Not applicable.”
In stating what needs to be done, the report references the AUS $ 54 million the
Australian Government had committed in 2012 to mathematics, engineering and
science in light of harnessing STEM in its advantage.
The AiGroup expressed a sense of urgency with recommendations distributed
across schooling, higher education and business and industry. While it is important to
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have school students experience STEM skills, the university-industry collaboration,
including work-related experience is called for. This type of collaboration would extend
to developing a national framework and grow models that support internships and work
placements, thus engaging in training.
Despite these recommendations and observations made relative to government
actions, it is nonetheless important to reiterate that Australia does not have a coherent
national strategy to establish a constructive STEM framework (Braue, 2015; Marginson
et al., 2013), which would help concretize the agenda set forth by the Office of the Chief
Scientist.
Books and articles
Simon Marginson. He has a rich working achievement in the area of higher
education, with several books and articles. For this study, his insights about higher
education in Australia have supported the discourse I was looking for. From books and
reports about STEM in Australia, including the 2015 book, The Age of STEM:
Educational policy and practice across the world in science, technology, engineering and
mathematics helped confirm to have Australia in the study as a foil to frame the discourse
in a global setting.
Although the Australian higher education system has gone through major reforms
in the last 30 years or so, Australia has been struggling to put science and technology
policy on the political agenda (Marginson, 2013). The lack of a coherent national strategy
makes it more difficult to establish a constructive STEM framework (Braue, 2015;
Marginson et al., 2013), which would help concretize the agenda set forth by the Office
of the Chief Scientist.
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Germany
The authors listed present different viewpoints. The report by the European
Commission reflects ideas and concepts from a private survey about ICT. Karl Brenke
argues that there is no shortage in sight.
Report
European Commission, e-SKILLS in Europe (2014). This report on Germany
was generated by empirica, based on a study by BITKOM in 2014. The report was
written for the European Commission, Directorate General Enterprise and Industry with a
focus on the supply and demand of Information and Communications Technology (ICT)
practitioners. Claims are that “Germany lacks a general and comprehensive e-skills
strategy” (p. 9) for IT and ICT in light of growing concerns of the ageing German
population. The German ICT industry association sees that educating more young people
and getting them interested in STEM professions to be a major objective. For example,
the Go MINT!, the National Pact for Women in MINT, created in 2008, is a promising
partnership to draw young women's interest in scientific and technical degree courses and
attract female university graduates to careers in business. Another STEM Initiative is the
MINT Zukunft schaffen (Making the Future). Also created in 2008, this initiative
provides public awareness as well as data about the shortage of STEM professionals on
Germany’s labor market.
Lessons learned tend to be about striking the perfect balance with broad skillprofiles (soft skills) and specific technological knowledge. However, the "IT
Professional" type of education system industry demand is facing a lack of broad
acceptance of that system.
219

Articles
Karl Brenke, German Institute for Economic Research. As an economist,
Brenke (2012b) clearly states that the narrative on shortages in Germany seems to
revolve around a consensus of no general shortages vs shortages in specific disciplines in
MINT occupations. Indeed, opinions about shortages in Germany are also conflicting,
when represented by the Association of German Engineers (Verein Deutscher Ingenieure
VDI) or business associations, for example, exhibiting a vested interest. Here too, the
issue about fit data is raised while major sources that can inform on the employment of
engineers, demography and labor market tend to be more limited. As equally important, if
not absolutely critical, Germany is faced with a ‘brain drain’ (Brenke, 2012b; Constant &
Tien, 2011).
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